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Executive  Summary 


In  an  environment  of  uneertainty  about  the  priee  and  availability  of  traditional  en¬ 
ergy  sourees,  DoD  is  facing  increasing  energy  demand  and  support  requirements 
that  it  must  meet  if  it  is  to  achieve  its  broader  strategic  goals — notably,  establish¬ 
ment  of  a  more  mobile  and  agile  force.  However,  recent  technological  advances  in 
energy  efficiency  and  alternative  energy  technologies  offer  a  unique  opportunity 
for  DoD  to  make  progress  toward  reconciling  its  strategic  goals  with  its  energy 
requirements  through  reduced  consumption  of  fuel — especially  foreign  fuel.  To 
capitalize  on  this  opportunity,  DoD  needs  to  implement  an  energy  strategy  that 
encompasses  the  development  of  innovative  new  concepts  and  capabilities  to  re¬ 
duce  energy  dependence  while  maintaining  or  increasing  overall  warfighting  ef¬ 
fectiveness.  Recognizing  that  DoD  must  change  how  it  views,  values,  and  uses 
energy — a  transformation  that  will  challenge  some  of  the  department’s  most 
deeply  held  assumptions,  interests,  and  processes — the  Office  of  Force  Transfor¬ 
mation  and  Resources,  within  the  Office  of  the  Under  Secretary  of  Defense  for 
Policy,  asked  LMI  to  develop  an  approach  to  establishing  a  DoD  energy  strategy. 

LMI  identified  three  areas  of  disconnect  between  DoD’s  current  energy  consump¬ 
tion  practices  and  the  capability  requirements  of  its  strategic  goals: 

♦  Strategic.  DoD  seeks  to  shape  the  future  security  environment  in  favor  of 
the  United  States.  But,  our  dependence  on  foreign  supplies  of  fuel  limits 
our  flexibility  in  dealing  with  producer  nations  who  oppose  or  hinder  our 
goals  for  greater  prosperity  and  liberty. 

♦  Operational.  DoD’s  operational  concepts  seek  greater  mobility,  persis¬ 
tence,  and  agility  for  our  forces.  But,  the  energy  logistics  requirements  of 
these  forces  limit  our  ability  to  realize  these  concepts. 

♦  Fiscal.  DoD  seeks  to  reduce  operating  costs  of  the  current  force  to  procure 
new  capabilities  for  the  future.  But,  with  increased  energy  consumption 
and  increased  price  pressure  due  to  growing  global  demand  for  energy, 
energy-associated  operating  costs  are  growing. 


In  parallel  with  the  inerease  in  the  global  demand  for  energy  is  an  inerease  in  eon- 
eern  about  global  climate  change  and  other  environmental  considerations.  There¬ 
fore,  when  identifying  technical  solutions  to  its  energy  challenges,  DoD  should 
also  considered  a  fourth  disconnect — environmental. 

From  our  research,  we  concluded  that  DoD  has  the  opportunity  to  address  the  four 
disconnects  by  fundamentally  changing  how  it  views,  values,  and  uses  energy. 
Many  actions  are  required  to  implement  this  transformation,  but  the  highest-level 
requirements  are  straightforward; 

♦  Incorporate  energy  considerations  (energy  use  and  energy  logistics  support 
requirements)  in  the  department’s  key  corporate  processes:  strategic  plan¬ 
ning,  analytic  agenda,  joint  concept  and  joint  capability  development,  ac¬ 
quisition,  and  planning,  programming,  budgeting,  and  execution  (PPBE) 

♦  Establish  a  corporate  governance  structure  with  policy  and  resource  over¬ 
sight  to  focus  the  department’s  energy  efforts 

♦  Apply  a  structured  framework  to  address  energy  efficiency,  including  al¬ 
ternate  energy  sources,  to  the  department’s  greatest  energy  challenges — 
those  areas  consuming  the  most  fuel,  requiring  the  most  logistics  support, 
or  having  the  most  negative  impact  on  the  warrior. 

The  following  are  some  options  for  energy  actions  related  to  DoD’s  corporate 
processes: 

♦  Apply  the  energy-efficiency  requirements  of  Executive  Order  13423 

(3  percent  reduction  per  year,  or  30  percent  reduction  by  2015  from  2003 
baseline)  to  mobility  forces 

♦  Analyze  current  and  projected  energy  and  energy  logistics  required  to 
support  operational  plans  and  capability-based  planning  and  incorporate 
findings  in  other  corporate  processes 

♦  Assess  the  role  of  information  in  reducing  energy  requirements  through 
improved  operational  and  logistics  effectiveness  and  reduced  in-theater 
personnel  requirements 

♦  Incorporate  energy  considerations  (energy  use  and  energy  logistics  support 
requirements)  in  all  future  concept  development,  capability  development, 
and  acquisition  actions 

♦  Make  energy  a  top  research  and  development  priority 

♦  Improve  the  incentives  for  investment  in  energy  efficiency 
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♦  Increase  global  efforts  to  enhance  the  stability  and  security  of  oil 
infrastructure,  transit  lanes,  and  markets  through  military-to-military  and 
state-to-state  cooperation 

♦  Make  redueing  energy  vulnerability  a  focus  area  of  the  next  strategic 
planning  cycle  and  Quadrennial  Defense  Review. 

To  coordinate  the  efforts  of  DoD  components,  provide  strategic  direction,  focus 
research  and  development  efforts,  and  monitor  complianee  with  energy-efficieney 
guidelines,  DoD  needs  an  effective  energy  governance  structure.  We  recommend 
that  DoD  establish  a  coordinating  body  with  policy  and  resource  oversight  author¬ 
ity.  Considering  the  need  for  collaboration  among  the  services  and  DoD,  we  be¬ 
lieve  an  empowered  committee  would  be  more  effective  that  a  single  leader. 

From  our  survey  of  emerging  energy  technologies,  the  department  has  a  wide 
range  of  options  for  addressing  energy  efficiency  and  alternate  sourees  of  energy. 
Under  the  guidance  of  the  coordinating  body,  DoD  can  begin  a  structured  analysis 
of  how  to  apply  organizational,  proeess,  and  technology  changes  to  execute  a 
strategy  to  reduce  energy  dependenee.  Although  assessing  the  strategic,  opera¬ 
tional,  fiscal,  and  environmental  impacts  of  a  change  provides  a  mechanism  to 
value  potential  choices,  these  impacts  may  not  provide  sufficient  insight  to  be  de¬ 
terminative. 

To  promote  the  changes  that  will  have  the  greatest  utility  in  addressing  the  dis¬ 
connects,  we  recommend  that  the  department  begin  by  focusing  on  three  areas: 

♦  Greatest  fuel  use  (aviation  forces) 

♦  Greatest  logistic  difficulty  (forward  land  forces  and  mobile  electric  power) 

♦  Greatest  warrior  impact  (individual  warfighter  burden). 

DoD  energy  transformation  must  begin  in  the  near  term,  addressing  current  prae- 
tices  and  legacy  forces,  while  investing  for  long-term  changes  that  may  radically 
alter  future  consumption  patterns.  We  recommend  a  time -phased  approaeh  to  re¬ 
duce  our  reliance  on  fossil  and  carbon-based  fuels.  This  approach  includes  the 
following: 

♦  Organizational  and  process  ehanges  that  can  be  implemented  immediately 

♦  Engineered  solutions,  to  improve  the  efficiency  of  current  forees  and  those 
nearing  acquisition 

♦  Invention  of  new  capabilities,  employed  in  new  operational  concepts,  for 
those  forces  yet  to  be  developed. 
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Applying  this  approach  to  the  three  foeus  areas  will  give  DoD  an  opportunity  to 
develop  portfolios  of  solutions  that  ean  reduee  energy  use  and  dependenee.  The 
eoordinating  body  ean  evaluate  these  portfolios  to  against  the  energy  diseonneets 
to  identify  optimal  solutions  aeross  the  services,  broader  department  objeetives, 
and  U.S.  government  strategic  objectives  and  energy  efforts.  The  eoordinating 
body  ean  then  foeus  teehnology  development  as  required  to  aehieve  the  desired 
solutions. 

For  the  energy  transformation  to  be  successful,  DoD’s  senior  leaders  must  artieu- 
late  a  elear  vision  for  the  ehange  and  must  ensure — through  their  sustained  eom- 
mitment  and  aetive  partieipation — that  it  beeomes  engrained  in  the  organization’s 
ethos.  We  propose  the  following  vision: 

DoD  will  be  the  nation’s  leader  in  the  effective  use  of  energy,  signifi¬ 
cantly  reducing  DoD’s  dependence  on  traditional  fuels  and  enhancing 
operational  primacy  through  reduced  logistics  support  requirements. 

Establishing  a  goal  for  mobility  energy  effieieney  will  provide  near-term  objee¬ 
tives  in  support  of  the  vision,  enhanee  operational  effectiveness  by  redueing  logis- 
ties  support  requirements,  and  free  resourees  for  reeapitalization  of  the  foree.  Our 
estimates  show  that  implementing  a  3  pereent  reduetion  per  year  until  2015  eould 
result  in  savings  of  $43  billion  by  2030  based  on  Energy  Information  Agency  ref¬ 
erence  case  priee  projeetions,  without  ineluding  any  multiplier  effeets. 

In  view  of  the  long  period  required  to  develop  and  populate  the  foree  with  new 
eoneepts  and  eapabilities,  DoD  should  begin  now  to  shape  the  foree  for  an  uneer- 
tain  energy  future. 
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Chapter  1 

Introduction 


Over  the  past  several  deeades,  the  United  States  has  beeome  inereasingly  reliant 
on  imported  energy,  primarily  from  petroleum.  The  Energy  Information  Agency 
(EIA)  forecasts  that  U.S.  dependence  on  petroleum  imports  will  increase  to  68 
percent  by  2025.  DoD,  the  largest  U.S.  consumer  of  energy,  also  relies  on  foreign 
supplies  of  crude  oil  and  the  finished  transportation  fuels  (such  as  military  jet 
fuel)  that  are  derived  from  it.  Euel  represents  more  than  half  of  the  DoD  logistics 
tonnage  and  more  than  70  percent  of  the  tonnage  required  to  put  the  U.S.  Army 
into  position  for  battle.^  The  Navy  uses  millions  of  gallons  of  fuel  every  day  to 
operate  around  the  globe,  and  the  Air  Eorce — the  largest  DoD  consumer  of  fuel — 
uses  even  more. 

DoD’s  heavy  operational  dependence  on  traditional  fuel  sources  creates  a  number 
of  decidedly  negative  effects: 

♦  DoD  shares  the  nation’s  reliance  on  foreign  energy  sources,  which  effec¬ 
tively  forces  the  country  to  rely  on  potential  adversaries  to  maintain  its 
economy  and  national  security.^ 

♦  DoD’s  energy  dependence  exposes  the  department  to  price  volatility,  forc¬ 
ing  it  to  consume  unplanned  resources  that  could  be  used  to  recapitalize  an 
aging  force  structure  and  infrastructure. 

♦  The  availability  of  traditional  energy  supplies  beyond  25  years  is  difficult 
to  project.  Because  of  the  8-  to  20-year  time  frame  of  future  operational 
concepts  and  a  similarly  long,  or  longer,  capital  asset  replacement  cycle 
for  DoD  platforms,  DoD  must  begin  now  to  address  its  uncertain  energy 
future. 

♦  The  United  States  bears  many  costs  associated  with  the  stability  of  the 
global  oil  market  and  infrastructure.  The  cost  of  securing  Persian  Gulf 
sources  alone  comes  to  $44.4  billion  annually.^  DoD  receives  little  support 
from  other  consuming  nations  to  perform  this  mission  although  they  share 
in  the  benefits  due  to  the  global  nature  of  the  oil  market. 


*  The  Defense  Seienee  Board  Task  Foree  on  Improving  Fuel  Effieieney  of  Weapons  Plat¬ 
forms,  More  Capable  Warfighting  through  Reduced  Fuel  Burden,  January  2001. 

^  Through  2004,  members  of  the  Organization  of  the  Petroleum  Exporting  Countries  alone 
have  earned  $4  trillion  in  oil  revenue.  Some  portion  of  that  oil  revenue  has  likely  gone  toward 
efforts  inimieal  to  U.S.  national  seeurity  interests. 

^  Milton  R.  Copulos,  America ’s  Achilles  Heal,  The  Hidden  Cost  of  Imported  Oil:  A  Strategy 
for  Energy  Independence  (Washington,  DC:  The  National  Defense  Couneil  Foundation,  2003). 
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In  this  environment  of  uneertainty  about  the  availability  of  traditional  fuel  sourees 
at  a  reasonable  eost,  DoD  is  faeing  inereasing  energy  demand  and  support  re¬ 
quirements  that  it  must  meet  if  it  is  to  aehieve  its  broader  strategie  goals — 
notably,  establishment  of  a  more  mobile  and  agile  force.  However,  recent  techno¬ 
logical  advances  in  energy  efficiency  and  alternative  energy  technologies  offer  a 
unique  opportunity  for  DoD  to  make  progress  toward  reconciling  its  strategic 
goals  with  its  energy  requirements  through  reduced  consumption  of  fuel — 
especially  foreign  fuel.  To  capitalize  on  this  opportunity,  DoD  needs  to  imple¬ 
ment  an  energy  strategy  that  encompasses  the  development  of  innovative  new 
concepts  and  capabilities  to  reduce  energy  dependence  while  maintaining  or  in¬ 
creasing  overall  warfighting  effectiveness. 

Recognizing  that  DoD  must  change  how  it  views,  values,  and  uses  energy — a 
transformation  that  will  challenge  some  of  the  department’s  most  deeply  held  as¬ 
sumptions,  interests,  and  processes — the  Office  of  Force  Transformation  and  Re¬ 
sources,  within  the  Office  of  the  Under  Secretary  of  Defense  (USD)  for  Policy, 
asked  LMI  to  develop  an  approach  to  establishing  a  DoD  energy  strategy.  Spe¬ 
cifically,  it  asked  LMI  to  develop  a  process  for  identifying,  evaluating,  and  im¬ 
plementing  new  energy-saving  and  -replacement  technologies  and  techniques  and 
to  identify  possible  energy  governance  structures  that  would  enable  DoD  to  gain  a 
system  view  of  energy  consumption,  support  requirements,  efficiency,  and  costs. 

Study  Approach 


As  a  starting  point,  LMI  gathered  data  to  understand  DoD’s  current  energy  con¬ 
sumption  practices  and  the  capability  requirements  of  its  strategic  goals  and  to 
identify  any  disconnects  between  them.  We  also  assessed  DoD’s  corporate  proc¬ 
esses  and  its  energy  governance  structures. 

Considering  that  initial  research,  LMI  identified  options  for  each  of  the  major 
corporate  processes,  including  strategic  planning,  analysis,  joint  concept  and  ca¬ 
pability  development,  acquisition,  and  planning,  programming,  budgeting,  and 
execution  (PPBE).  Some  key  options  include  applying  energy  efficiency  goals  to 
mobility  forces;  capturing  energy  use  and  support  implications  in  analysis;  includ¬ 
ing  energy  considerations  in  future  concept  and  capability  development;  using  the 
fully  burdened  cost  of  fuel  and  support  requirements  in  capability,  acquisition, 
and  programming  decisions;  and  leveraging  military-to-military  relations  to  en¬ 
hance  (and  create  cost  sharing  for)  the  security  of  the  global  energy  infrastructure 
and  transit  lanes. 

LMI  also  identified  options  for  a  DoD  energy  governance  structure.  Our  own 
analysis  and  other  reports  have  highlighted  the  need  for  such  an  integrating  body. 
An  effective  managing  body  in  DoD  can  accomplish  numerous  important  tasks, 
including  the  following; 

♦  Coordinating  the  development  of  opportunities  across  DoD  and  civilian 
agencies  to  minimize  redundancy  and  to  maximize  complementarities 
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♦  Managing  change  in  DoD  to  minimize  suboptimization  aeross  organiza¬ 
tional  levels 

♦  Establishing  goals,  metries,  and  reporting  requirements  for  energy  effi- 
eiency  aeross  the  department. 

To  evaluate  the  potential  risks  and  rewards  of  different  energy  opportunities,  LMI 
used  two  overlapping  frameworks  to  arrive  at  possible  solution  sets:  combinations 
of  technologies  and  resourees  that  will  best  address  diseonneets.  One  framework 
is  based  on  the  greatest  use,  greatest  diffieulty  to  supply,  and  greatest  impact  on 
the  warrior — the  Greatest  Use/Greatest  Diffieulty/Greatest  Impaet  framework — 
and  is  a  useful  tool  for  identifying  where  DoD  efforts  might  have  the  most  impaet. 
The  other  framework — the  Organize/Engineer/Invent  framework — aeeounts  for 
organizational  ehanges,  engineered  technology  changes,  and  invented  technolo¬ 
gies  and  is  a  useful  tool  for  identifying  optimal  eombinations  of  energy  opportuni¬ 
ties  that  eould  be  implemented.  Elsing  these  overlapping  assessment  frameworks, 
DoD  ean  eonduet  a  detailed  assessment  of  new  energy  opportunities  via  the  fol¬ 
lowing  steps: 

♦  Identify  a  speeific  energy  challenge  in  the  areas  of  greatest  use,  greatest 
diffieulty  of  delivery,  and  greatest  impaet  on  the  warrior.  This  will  focus 
the  analysis  on  DoD’s  eurrent  needs  and  ensure  that  any  aetion  helps  solve 
an  operational  requirement. 

♦  Identify  possible  solutions  from  options  in  the  organize,  engineer,  or  in¬ 
vent  eategories.  This  will  help  determine  the  relative  risk,  the  solution 
time  frame,  and  the  level  at  whieh  eoordination  and  deeision  making 
should  oeeur. 

♦  Identify  the  potential  strategie,  operational,  and  environmental  benefits, 
whieh  help  determine  the  potential  rewards,  and  the  fiseal  eosts  and  bene¬ 
fits,  whieh  help  determine  potential  return  on  investment.  These  benefits 
can  be  weighted  by  whether  the  opportunity  is  most  important  to  the  war¬ 
fighter,  addresses  an  energy  souree  that  is  difficult  to  deliver,  or  addresses 
an  urgent  need. 

Report  Organization 


This  report  is  organized  as  follows: 

♦  Chapter  2  eharacterizes  DoD’s  energy  problem  and  describes  four  areas  of 
diseonneet  between  DoD’s  eurrent  energy  eonsumption  praetiees  and  the 
eapability  requirements  of  its  strategie  goals. 

♦  Chapter  3  establishes  a  method  for  developing  possible  solution  sets  that 
will  most  benefit  DoD  and  that  DoD  ean  effectively  execute.  It  explains 
the  use  of  the  Greatest  Use/Greatest  Diffieulty/Greatest  Impaet  framework 
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to  identify  energy  needs  and  the  use  of  the  Organize/Engineer/ 

Invent  framework  to  evaluate  potential  options  to  meet  those  needs. 

♦  Chapter  4  discusses  current  DoD  corporate  processes  and  governance 
structures  related  to  energy. 

♦  Chapter  5  considers  options  for  process  and  organizational  changes  to  ad¬ 
dress  the  lack  of  a  system  view  of  energy  at  the  DoD  corporate  level. 

♦  Chapter  6  contains  our  high-level  observations  concerning  research  efforts 
and  technology  development.  It  then  presents  sample  applications  of  the 
Organize/Engineer/Invent  framework  to  identify  potential  solution  sets  for 
the  areas  in  which  change  can  provide  the  greatest  impact  in  addressing 
the  DoD’s  energy  disconnects. 

♦  Chapter  7  proposes  a  vision  of  the  outcome  of  the  department’s  energy 
transformation  and  identifies  some  of  the  key  steps  that  DoD  should  take 
to  ensure  the  successful  transformation  of  how  it  views,  values,  and  uses 
energy. 

The  appendixes  contain  supporting  detail. 
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Chapter  2 

The  Need  for  Change 


In  1911,  Winston  Churchill,  then  First  Lord  of  the  Admiralty,  converted  the  Brit¬ 
ish  fleet  from  Welsh  eoal  to  foreign  oil.  The  resulting  gain  in  speed  and  deerease 
in  logistics  burden  gave  the  British  navy  a  decisive  advantage  over  Germany’s 
Bundesmarine.  The  shift  toward  a  foreign  energy  souree  also  set  off  a  geopolitical 
scramble  as  major  powers  sought  to  seeure  oil  supplies. 

Today,  the  United  States  is  the  superpower.  Yet,  the  scramble  to  secure  aeeess  to 
oil  continues  while  the  availability  of  easily  recoverable  oil  diminishes,  putting 
the  United  States  into  inereasing  competition  with  other  oil  importers,  most  nota¬ 
bly,  the  rapidly  emerging  eeonomies  of  India  and  China.^  As  the  U.S.  govern¬ 
ment’s  energy  security  strategy  evolves,  the  U.S.  military,  whieh  is  highly 
dependent  on  oil  to  fuel  the  engines  of  its  overwhelming  operational  superiority, 
must  develop  a  long-term  strategy  to  deal  with  the  ehanging  energy  environment. 

WoRLD/U.S.  Energy  Environment 


The  United  States  consumes  about  25  pereent  of  the  world’s  oil.  Half  of  this  ean 
be  attributed  to  the  eountry’s  continued  demand  for  transportation  fuels  for  auto¬ 
mobiles  and  trucks  to  support  our  economy  and  standard  of  living.  About  58  per¬ 
cent  of  the  oil  eonsumed  by  the  United  States  is  imported.  Consistent  with  the 
worldwide  trends  in  energy  demands,  it  is  projected  that  by  2025,  the  U.S.  will 
have  to  import  some  68  pereent  of  its  oil.  This  level  of  eeonomic  dependence  on 
politieally  unstable  energy  sources  such  as  Venezuela,  Nigeria,  and  the  Middle 
East  ereates  coneems  over  our  future  security  posture  and  vulnerability. 

Figure  2-1  compares  the  projected  inerease  in  the  demand  for  barrels  of  oil  in  the 
United  States  with  that  in  other  countries.  As  can  be  seen,  the  growth  in  the 
United  States  (using  the  EIA  reference  case)  is  not  mirrored  in  Western  European 
countries  or  in  Japan,  all  of  whieh  are  similar  to  the  United  States  in  terms  of  lev¬ 
els  of  industrialization.  Although  the  pronounced  growth  in  U.S.  demand  means 
retaining  the  position  of  the  world’s  largest  oil  eonsumer,  the  42  pereent  growth  in 
U.S.  demand  does  not  approach  the  130  pereent  increase  in  China  or  the  80  per- 
eent  increase  in  India. 


'  John  Deutch  and  James  R.  Schlesinger,  National  Security  Consequences  of  U.S.  Oil  De¬ 
pendency,  Council  of  Foreign  Relations,  Independent  Task  Force  Report  58,  2006. 

^  Energy  Information  Agency,  Annual  Energy  Outlook  2007,  DOE/EIA-0383(2007),  February 
2007. 
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Figure  2-1.  Projected  Oil  Demand  Growth  for  Selected  Countries 
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Source:  Energy  Information  Administration,  Annual  Energy  Outlook  2007, 
Appendix  A,  Table  20,  http://eia.doe.gov. 


A  recent  evaluation  of  supply  and  demand  projections  by  the  DoD-chartered 
JASON  Defense  Advisory  Group  (JASON)  concluded  that  recoverable  oil  re¬ 
sources  are  sufficient  to  sustain  25  years  of  demand  at  a  2004  production  cost  of 
less  than  $30  per  barrel.  JASON  noted  that  the  2004  International  Energy  Agency 
(lEA)  World  Energy  Outlook  data  indicate  that  demand  may  be  met  at  the  same 
price  for  another  25  years,  but  questioned  the  value  of  extrapolations  to  50  years. 
The  same  data  indicate  that  additional  supply  resources  will  become  available  at 
higher  prices.  Consumption  projections  for  2030  are  highly  assumption  dependent 
and  vary  widely  from  the  IE  A  projection  of  100  million  barrels  per  day  used  by 
JASON  to  1 17  million  barrels  per  day  for  the  EIA  2030  reference  case.  The 
JASON  report  assumes  a  properly  functioning  oil  market  and  no  disruptions  in 
supply  from  the  Middle  East."^ 


Despite  this  apparent  near-term  availability  of  oil  supply,  or  perhaps  associated 
with  the  caveats  related  to  stable  and  functioning  markets,  competition  for  world 
energy  supplies  appears  to  be  increasing.  All  over  the  world,  importers  are  in¬ 
creasingly  finding  themselves  in  direct  competition  over  sources  and  strategic 
shipping  routes.  Japan  and  China  are  continually  trading  diplomatic  blows  and 
threats  over  off-shore  petroleum  reserves  south  of  Japan.^  In  2003,  China’s  Presi¬ 
dent  Hu  Jintao  also  expressed  concern  over  the  “Malacca  Dilemma,”  the  reputed 
U.S.  ability  to  control  the  Straits  of  Malacca,  through  which  much  of  China’s  en¬ 
ergy  flows.  As  a  result,  China  has  taken  a  “string  of  pearls”  approach  to  develop 
bases  and  military  relationships  that  will  improve  the  security  of  its  oil  supplies 


^  See  Note  2. 

P.  Dimotakis,  N.  Lewis,  R.  Grober,  and  others,  Reducing  DoD  Fossil-Fuel  Dependence, 
JSR-060135  (MeLean,  VA:  JASON  Program  Offiee,  MITRE,  2006),  pp.  5-9. 

^  “The  Japan-China  Oil  Sliek,”  Business  Week,  November  7,  2005. 
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The  Need  for  Change 


and  transit  lanes. ^  China  has  also  embarked  on  a  strategy  to  seeure  oil  equity  in¬ 
terests  in  Latin  Ameriean,  Canada,  Russia,  and  Afriea.’ 

The  dependenee  on  and  eompetition  for  world  energy  supplies  eonstrain  the  for¬ 
eign  poliey  and  national  security  objectives  of  oil  importers.  The  United  States 
has  long  taken  an  energy-based  security  interest  in  the  Middle  East  even  though 
the  United  States  receives  only  17  percent  of  its  oil  from  the  region.^  Meanwhile, 
net  exporters — such  as  Russia,  Iran,  Sudan,  the  Central  Asian  republics,  Vene¬ 
zuela,  and  even  Saudi  Arabia — are  emboldened  to  leverage  energy  sources  to 
achieve  political  gains  that  are  usually  inimical  to  many  of  the  oil-importing 
states.  Examples  include  Russia’s  restricting  natural  gas  to  former  republics  (and 
Europe),  Iran’s  development  of  nuclear  capability,  Sudan’s  actions  in  Darfur,  and 
Saudi  Arabia’s  weak  support  for  human  rights. 

Because  small  changes  in  supply  or  demand  can  have  large  price  impacts,  the  de¬ 
pendence  on  oil  to  fuel  the  global  economy  will  continue  to  have  negative  impli¬ 
cations  for  our  national  and  economic  security.  The  Council  on  Eoreign  Relations 
Energy  Security  Task  Eorce  estimates  that  a  1  percent  change  in  supply  (or  de¬ 
mand)  can  have  a  5  to  10  percent  impact  on  price. ^  As  long  as  our  global  eco¬ 
nomic  partners  remain  significant  oil  consumers,  the  United  States  would  still  feel 
oil  price  shocks  even  if  it  could  achieve  energy  “independence.”  This  shock 
would  come  in  the  form  of  higher  finished  good  prices  from  our  fastest  growing 
trade  partner,  and  potential  geopolitical  competitor,  China.  Also,  our  European 
partners,  who  are  more  reliant  on  Middle  Eastern  and  Russian  oil  than  we  are, 
would  likely  suffer  an  economic  downturn  that  would  limit  their  purchase  of  our 
products. 

In  short,  oil  considerations  are  a  key  component  of  our  economic  security  and  a 
significant  driver  of  our  national  security  posture.  As  former  Secretary  of  State 
George  Schultz  noted: 

Once  more  we  face  the  vulnerability  of  our  oil  supply  to  political  distur¬ 
bances.  Three  times  in  the  past  thirty  years  (1973,  1978,  and  1990)  oil 
price  spikes  caused  by  Middle  East  crises  helped  throw  the  U.S.  econ¬ 
omy  into  recession.  Coincident  disruption  in  Venezuela  and  Russia  adds 
to  unease,  let  alone  prices,  in  2004.  And  the  surging  economies  of  China 
and  India  are  contributing  significantly  to  demand.  But  the  problem  far 
transcends  economics  and  involves  our  national  security.  How  many 


^  Dan  Blumenthal  and  Joseph  Lin,  “Oil  Obsession:  Energy  Appetite  Fuels  Beijing’s  Plans  to 
Protect  Vital  Sea  Lines,”  Armed  Forces  Journal,  June  2006,  accessed  online  February  13,  2007. 

’  “The  Real  Trouble  with  Oil,”  The  Economist,  April  28,  2005. 

*  Norman  Kempster,  “U.S.  Ignores  Human  Rights  Abuses  of  Saudi  Arabia,”  Los  Angles 
Times,  March  20,  2000,  http://www.commondreams.org/headlines/032800-0Lhtm,  accessed  Feb¬ 
ruary  16,  2007. 

See  Note  l,p.  17. 
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more  times  must  we  be  hit  on  the  head  by  a  two-by-four  before  we  do 
something  decisive  about  this  acute  problem?'® 

Some  policy  observers  believe  competition  for  energy  sources  may  lead  to  con¬ 
flict.  Others,  however,  believe  this  outcome  can  be  avoided  through  alternate  en¬ 
ergy  sources,  enhanced  energy  efficiency  and  demand  reduction,  and  increased 
cooperation  to  ensure  the  security  and  efficiency  of  international  oil  markets. 

DoD  Energy  Consumption  Profile 


In  FY05,  the  United  States  consumed  about  20  million  barrels  per  day.  Although 
the  entire  federal  government  consumed  a  mere  1.9  percent  of  the  total  U.S.  de¬ 
mand,  DoD,  the  largest  government  user  of  oil  in  the  world,  consumed  more  than 
90  percent  of  all  the  government’s  petroleum  (liquid  fuel)  use.  Although  DoD  is 
highly  dependent  on  petroleum  and  is  the  largest  single  petroleum  user,  it  cannot 
by  itself,  drive  the  market.  However,  because  DoD’s  operations  (the  capabilities, 
costs,  and  the  strategy  that  define  them)  rely  so  heavily  on  the  petroleum  market, 
they  are  vulnerable  to  the  price  and  supply  fluctuations  affecting  the  petroleum 
market.  Examining  the  impact  of  the  future  energy  environment  on  DoD,  and  the 
options  available  to  react  to  this  environment,  requires  an  understanding  of  the 
DoD  energy  consumption  profile  (how  and  where  is  energy  being  consumed). 
Energy  consumption  falls  into  two  categories:  facility  energy  use  and  mobility 
energy  use. 

Facility  Energy  Use 

Eacility  energy  is  the  energy  required  to  fuel  bases  and  other  stationary  products. 
Using  data  from  the  Annual  Report  to  Congress  (EY06)  issued  by  DoD,  EMI  de¬ 
rived  the  following  facility  energy  use  profiles:'"^ 

♦  Of  the  total  DoD  energy  consumption  (1.18  quads),  facility  use  made  up 
34  percent  of  total  consumption  (0.39  quad)  while  mobile  energy  use  was 
66  percent  (0.78  quad).'^ 


Amory  Lovins  and  others,  Winning  the  Oil  Endgame  (Snowmass,  CO:  Rocky  Mountain  In¬ 
stitute,  2004),  Foreword. 

"  See  Note  l,pp.  7-10. 

Defense  Energy  Support  Center  (DESC)  Fact  Book,  2005,  and  Energy  Information  Agency. 
http://tonto.eia.doe.gov,  accessed  February  16,  2007. 

DoD  has  a  complicated  energy  consumption  profile  that  is  difficult  to  ascertain  from  the 
data  available.  In  many  cases,  detailed  energy  supply  data  are  available  (what  is  delivered  to  the 
theater  or  the  battlefield),  but  not  detailed  consumption  data  for  actual  military  operations  (how 
the  petroleum  was  actually  used,  e.g.,  tactical  vehicles,  logistics,  and  generators).  An  overview 
from  available  data  is  provided  to  highlight  the  general  breakdown  of  DoD  fuel  use. 

DoD,  AT&L,  Energy  Costs  and  Consumption  Data,  http://www.acq.osd.mil/ie/irm/Energy/ 
energymgmt_report/fy06/2006-0976-IE%20Tab%20C%20DataRpt.pdf  (accessed  March  7,  2007). 

One  quad  is  an  amount  of  energy  equal  to  lO'^  Btu. 
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♦  Overseas  faeility  energy  use  (OCONUS)  aeeounted  for  16  pereent  of  total 
DoD  faeility  eonsumption,  and  CONUS  made  up  84  pereent.'^ 

♦  DoD  faeility  energy  eonsumption  eonsisted  of  eleetrieity,  natural  gas,  fuel 
oil,  eoal,  and  other  types  of  energy  (steam).  Eleetrieity  eounted  for  only  46 
pereent  of  eonsumption  followed  by  natural  gas,  35  pereent.  Fuel  oil  and 
eoal  made  up  the  remainder,  about  20  pereent. 

DoD  faeilities  have  made  extensive  efforts  to  eonserve  energy.  To  date,  this  has 
been  “the  low  hanging  fruit”  for  eontrolling  energy  eosts.  As  an  example,  over  the 
last  10  years  (FY95-FY05),  energy  usage  at  Air  Foree  faeilities  has  deelined  15.4 
pereent.  The  unit  energy  eost  has  inereased  42  pereent,  while  the  Air  Foree’s  total 
utility  bill  has  risen  only  10.7  pereent.'^  This  shows  that  offsets  made  through 
eonservation  have  helped  keep  faeility  energy  costs  down  despite  steep  increases 
in  the  price  per  energy  unit,  but  additional  initiatives  will  be  required  to  address 
the  overall  fiscal  burden  of  energy  costs. 

Many  DoD  installations  have  shifted  to  a  local  power  grid  network  to  meet  elec¬ 
tricity  needs.  Although  this  reduces  DoD’s  energy  infrastructure  costs,  it  does  not 
isolate  DoD  from  energy  market  volatility,  which  is  reflected  in  electricity  prices. 
This  shift  has  also  introduced  a  degree  of  operational  vulnerability  due  to  reliance 
on  external  supplies. 

Mobility  Energy  Use 

Mobility  energy  is  the  fuel  used  to  power  DoD  weapons  platforms,  tactical 
equipment,  and  all  other  types  of  vehicles.  In  contrast  with  facility  energy,  mobil¬ 
ity  energy  consists  almost  entirely  of  petroleum-based  products  and  accounts  for 
94  percent  of  DoD’s  petroleum  consumption.  The  categories  of  fuel  used  for  mo- 
bility  are  jet  fuel,  gasoline,  distillates  and  diesel,  ship’s  bunkers,  and  residuals. 
As  illustrated  in  Figure  2-2,  about  75  percent  of  the  mobility  fuel  used  by  DoD  is 
jet  fuel.  Distillates  and  diesel  follow  with  17  percent.  Many  DoD  platforms  are 
multifuel  capable,  so  it  is  not  appropriate  to  consider  these  percentages  as  directly 
attributable  to  air,  land,  and  sea  platforms. 


Given  the  continued  closure  of  overseas  bases,  it  is  probable  that  this  figure  will  widen. 
Mike  Aimone,  “Air  Force  Energy  Strategy  for  the  21st  Century”  (briefing,  June  5,  2006). 
“Jet  fuel”  consists  of  JP-4,  JAB,  JAA,  JAl,  JP-5,  JP-8,  and  JTS. 
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Figure  2-2.  DoD  Mobility  Use  (FY03-FY05) 


Jet  Fuel 
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Source:  Defense  Energy  Support  Center  Fact  Book,  2005. 

JP-8,  used  primarily  for  air  operations,  makes  up  about  56  percent  of  the  total  pe¬ 
troleum  purchased  by  DoD.  The  continued  use  of  JP-8  as  the  fuel  of  choice  for 
operations  is  testament  to  the  U.S.  military  doctrine  that  relies  heavily  on  air 
power  as  an  integral  part  of  the  joint  force  across  the  whole  spectrum  of  opera¬ 
tions.  The  agility,  mobility,  and  speed  that  this  doctrine  provides  have  been  effec¬ 
tive,  but  it  comes  at  a  high  cost  and  further  reliance  on  liquid  petroleum. 

A  recent  Zos'  Angeles  Times  article  noted  that  the  U.S.  military  is  consuming 
about  2.4  million  gallons  of  fuel  every  day  in  Iraq  and  Afghanistan.'^  The  data, 
provided  by  the  U.S.  Central  Command,  show  that  DoD  is  using  approximately 
57,000  barrels  a  day,  at  a  cost  of  about  $3  million  per  day.  This  equates  to  about 
16  gallons  per  soldier  per  day.  This  is  significantly  more  than  the  2005  consump¬ 
tion  rate  of  9  gallons  per  soldier.  These  numbers  make  it  clear  that  energy  con¬ 
sumption  for  military  operations  has  increased  dramatically  in  the  last  15  years.  In 
Desert  Storm,  consumption  was  4  gallons  per  soldier  per  soldier,  and  in  World 
War  II,  consumption  was  only  1  gallon  per  day  per  soldier.  Appendix  A  contains 
additional  detail  about  DoD’s  mobility  fuel  use. 

Implications  of  U.S.  National  Security  Policy 


Recent  experience  indicates  that  the  nature  of  the  threat  facing  the  United  States  is 
changing.  Today,  we  cannot  be  sure  in  advance  of  the  location  of  future  conflicts, 
given  the  threat  of  dispersed,  small-scale  attacks  inherent  in  warfare  with  rogue 
nations  and  insurgent  forces.  In  addition,  the  U.S.  military  must  be  prepared  to 
defend  against  single  strikes  capable  of  mass  casualties.  This  complex  security 
environment — an  environment  in  which  a  wide  range  of  conventional  and  uncon¬ 
ventional  attacks  can  come  from  unpredictable  regions  of  the  world  and  the  risk 
of  a  single  attack  is  high — requires  the  United  States  not  only  to  maintain  a  force 
that  is  forward  and  engaged  on  a  daily  steady-state  basis,  but  also  to  ensure  that  it 
is  ready  for  quick,  surge  deployments  worldwide  to  counter,  and  deter,  a  broad 
spectrum  of  potential  threats. 


Max  Boot,  “Our  Enemies  Aren’t  Drinking  Lattes,”  Los  Angeles  Times,  July  5,  2006. 
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Department-wide  and  service-specifie  strategy  documents  have  identified  solu¬ 
tions  to  navigating  in  this  new  environment.  The  solutions  have  three  general 
themes  (described  in  Appendix  B): 

♦  Theme  1.  Our  forces  must  expand  geographically  and  be  more  mobile  and 
expeditionary  so  that  they  can  be  engaged  in  more  theaters  and  prepared 
for  expedient  deployment  anywhere  in  the  world. 

♦  Theme  2.  We  must  transition  from  a  reactive  to  a  proactive  force  posture 
to  deter  enemy  forces  from  organizing  for  and  conducting  potentially 
catastrophic  attacks. 

♦  Theme  3.  We  must  be  persistent  in  our  presence,  surveillance,  assistance, 
and  attack  to  defeat  determined  insurgents  and  halt  the  organization  of 
new  enemy  forces. 

To  carry  out  these  activities,  the  U.S.  military  will  have  to  be  even  more  energy 
intense,  locate  in  more  regions  of  the  world,  employ  new  technologies,  and  man¬ 
age  a  more  complex  logistics  system.  Considering  the  trend  in  operational  fuel 
consumption  and  future  capability  needs,  this  “new”  force  employment  construct 
will  likely  demand  more  energy/fuel  in  the  deployed  setting.  Simply  put,  more 
miles  will  be  traveled,  both  by  combat  units  and  the  supply  units  that  sustain 
them,  which  will  result  in  increased  energy  consumption.  Therefore,  DoD  must 
apply  new  energy  technologies  that  address  alternative  supply  sources  and  effi¬ 
cient  consumption  across  all  aspects  of  military  operations. 

Disconnects  between  Energy  Policy 
AND  Strategic  Objectives 


The  demands  placed  on  the  armed  forces  have  changed  significantly  since  their 
current  capabilities  were  designed  and  fielded  and  the  plans  and  concepts  for  their 
employment  were  developed.  The  security  challenges  of  the  21st  century  require  a 
force  structure  that  is  more  expeditionary,  agile,  and  responsive.  Such  a  force 
structure  will  consume  increasing  amounts  of  energy  if  current  trends  continue. 
Building  this  future  force  structure  requires  the  application  of  resources,  yet 
budgets  will  be  increasingly  constrained  by  operational  energy  demands.  We  call 
the  misalignments  between  energy  policies  and  strategic  objectives  “disconnects,” 
and  they  exist  along  three  lines:  strategic,  operational,  and  fiscal.  In  recognition  of 
the  political  factors  associated  with  increasing  energy  consumption  and  some  al¬ 
ternative  energy  solutions,  we  also  identified  a  fourth  disconnect — environmental. 
Table  2-1  defines  the  disconnects,  and  the  following  subsections  discuss  them  in 
more  detail. 
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Table  2-1.  Energy  Disconnects 


Category 

Description 

Strategic 

Ability  to  shape  the  future  security  environment  favorably  to  support  our  na¬ 
tional  interests,  principles,  freedoms,  and  way  of  life.  Requires  reduced  reli¬ 
ance  on  foreign  energy  resources. 

Operational 

Ability  to  counter  projected  threats,  which  entails  increased  operational  mobil¬ 
ity,  persistence,  and  agility.  Requires  developing  efficient  technologies  that 
can  support  the  asymmetric  combat  capability  needed  for  future  operations 
without  increased  fuel  consumption  or  logistics  and  support  limitations. 

Fiscal 

Ability  to  procure  new  capabilities,  which  requires  efficient  energy  consump¬ 
tion.  Inability  to  control  increased  energy  costs  from  fuel  and  supporting  infra¬ 
structure  diverts  resources  that  would  otherwise  be  available  to  procure  new 
capabilities. 

Environmental 

Ability  to  conduct  DoD  operations  and  activities  in  a  manner  that  protects  the 
environment  while  supporting  national  security  objectives  and  maintaining 
operational  readiness. 

Strategic  Disconnect 

The  goal  of  our  security  strategies  is  to  shape  the  future  security  environment  fa¬ 
vorably  to  support  our  national  interests,  principles,  freedoms,  and  way  of  life. 
However,  our  nation’s  and  DoD’s  current  and  future  growing  dependence  on  for¬ 
eign  energy  sources  and  the  need  to  ensure  their  continued  availability  limit  our 
ability  to  shape  the  future  security  environment.  Protecting  foreign  energy  sources 
will  have  an  increasing  impact  on  DoD’s  roles  and  missions,  at  the  expense  of 
other  security  needs,  potentially  dictating  the  time  and  place  of  future  conflict  if 
action  is  not  taken  to  change  the  trend  and  mitigate  the  effects  of  future  reductions 
in  the  supply  of  oil. 

Operational  Disconnect 

The  security  and  military  strategies  for  DoD  require  an  energy-intense  posture  for 
conducting  both  deterrence  and  combat  operations.  The  strategies  rely  on  persis¬ 
tent  presence  globally,  mobility  to  project  power  and  sustain  forces,  and  dominant 
maneuver  to  swiftly  defeat  adversaries.  These  current  and  future  operating  con¬ 
cepts  tether  operational  capability  to  high-technology  solutions  that  require  con¬ 
tinued  growth  in  energy  sources.  Current  consumption  estimates,  although  based 
on  incomplete  data,  validate  these  increasing  fuel  requirements  and  the  implica¬ 
tions  for  future  operations. 

Clearly,  the  skill  of  our  logistics  forces  in  providing  fuel  has  grown  significantly 
since  World  War  II.  Still,  we  must  be  mindful  of  the  operational  implications  of 
logistics  requirements.  The  stalling  of  General  Patton’s  Third  Army  following  its 
campaign  across  France  in  August  and  September  1944  is  a  telling  example  of  the 
fuel  “tether.”  Despite  the  heroic  efforts  of  logistics  forces,  the  wear  and  tear  on 
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supply  trucks  and  the  strategic  priority  for  fuel  and  logistics  support  in  other  areas 
of  operations  limited  Patton  to  loeal  operations  for  nearly  2  months.^^ 

The  Defense  Energy  Support  Center  (DESC)  estimates  that  20,000  soldiers  are 
employed  to  deliver  fuel  to  operations  (and  spending  $1  million  per  day  to  trans¬ 
port  petroleum,  whieh  does  not  inelude  fuel  costs  for  contractor-provided  eombat 
support).  The  delivery  of  fuel  poses  sueh  an  operational  and  taotieal  risk  that  in 
July  2006,  Maj.  Gen.  Riehard  Zilmer,  the  highest-ranking  Marine  Corps  offieer  in 
Iraq’s  Anbar  Provinee,  charaeterized  the  development  of  solar  and  wind  power 
capabilities  as  a  “joint  urgent  operational  need.”  General  Zilmer  cited  reductions 
in  often  dangerous  fuel  transportation  aetivities  as  the  main  motivation  for  this 
request:  “By  redueing  the  need  for  [petroleum-based  fuels]  at  our  outlying  bases, 
we  ean  deerease  the  frequeney  of  logisties  convoys  on  the  road,  thereby  redueing 

9  1 

the  danger  to  our  Marines,  soldiers,  and  sailors.” 

Operational  eapability  is  always  the  most  important  aspeet  of  foree  development. 
However,  it  may  not  be  possible  to  exeeute  operational  eoneepts  and  eapabilities 
to  aehieve  our  seeurity  strategy  if  the  energy  implieations  are  not  considered.  Cur¬ 
rent  planning  presents  a  situation  in  whieh  the  aggregate  operational  capability  of 
the  foree  may  be  unsustainable  in  the  long  term. 

Fiscal  Disconnect 

The  need  to  reeapitalize  obsolete  and  damaged  equipment  and  to  develop  high- 
teehnology  systems  to  implement  future  operational  eoneepts  is  growing.  At  the 
same  time,  the  proeurement  aecounts  for  DoD  are  eonstantly  under  pressure  from 
the  rising  eosts  of  nondiseretionary  aeeounts  in  the  DoD  budget  (fuel,  manpower) 
and  requirements  for  non-defense  spending  (soeial  seeurity,  health  eare).  In  this 
pressurized  fiseal  environment,  eontrolling  operating  eosts  is  essential  to  enable 
the  procurement  of  new  capability  needs.  However,  fuel  eosts  and  consumption 
trends  are  inereasing  the  total  operating  eosts  of  the  foree,  and  projected  trends 
will  ereate  the  need  to  make  investments  in  additional  logisties  eapability.  Thus, 
investment  for  future  eombat  eapability  must  inereasingly  eompete  with  growing 
operating  eosts  and  logistie  support  requirements. 

In  addition  to  the  financial  planning  challenge  associated  with  energy  market 
volatility,  the  inability  to  fully  aeeount  for  energy  eonsiderations  in  operational 
and  foree  development  analysis  impaets  the  investment  deeisions  neeessary  to 
build  the  future  foree.  The  real  cost  of  fuel  to  DoD  is  more  than  just  the  DESC 


Maj  Jeffrey  W.  Decker,  “Logistics  and  Patton’s  Third  Army:  Lessons  for  Today’s  Logisti¬ 
cians,”  Air  &  Space  Power  Journal,  March  20,  2003,  in  Chronicles  Online  Journal,  accessed  Feb¬ 
ruary  13,  2006. 

Rati  Bishnoi,  “Renewable  Energy  Systems  Wanted  in  Iraq,”  InsideDefense.com  News- 
Stand,  August  11,  2006. 
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standard  price  used  for  programming,  budgeting,  and  investment  deeisions.  To 
assess  this  differenee,  the  Offiee  of  Program  Analysis  and  Evaluation  (PA&E)  has 
been  studying  the  delivered  eost  of  fuel  for  the  military.  PA&E  estimated  the 
“wholesale”  cost  to  each  service  and  then  added  the  eosts  ineurred  for  “retail”  de¬ 
livery  as  well  as  other  eosts  incurred  by  the  services  and  ageneies.  Eor  a  fuel-type 
dependent  standard  eost  of  $2.29  to  $2.32  per  gallon,  PA&E  found  that  the  eom- 
posite  eosts  per  gallon  are  as  follows: 

♦  Air  Eorce  JP-8  (weighted  eost) — $6.36  air  delivery  eost  (9  percent  of  to¬ 
tal)— $42.49 

♦  Army  JP-8 — $5.62  (wartime  delivered  eost  not  estimated  due  to  varianee 

'y'l 

in  mission  and  eseort  requirements) 

♦  Navy  JP-5  (weighted  cost  at  sea) — $3.08  (airborne  delivered  cost  not  es¬ 
timated  due  to  data  availability  and  varianee  in  seenarios) 

♦  Navy  P-76  (weighted  eost  at  sea) — $2.74. 

The  PA&E  brief  emphasizes  that  efforts  to  refine  the  method  and  apply  fully  bur¬ 
dened  fuel  eosts  are  ongoing  and  that  more  foeus  should  be  applied  to  the  method 
than  to  the  speeifie  numbers. The  inability  to  estimate  potential  wartime  eosts 
applies  a  downward  bias  to  these  burdened  fuel  eosts. 

Environmental  Disconnect 

As  we  reviewed  DoD’s  energy  strategies  and  poliey,  it  beeame  inereasingly  ap¬ 
parent  that  the  environmental  impaets  of  energy  poliey  needed  to  be  eonsidered. 
There  is  inereasing  national  and  international  eonsensus  on  the  effect  of  carbon 
dioxide  emissions  on  global  climate  change,  as  well  as  the  idea  that  solutions  to 
energy  ehallenges  eannot  be  eonsidered  independently  of  the  environmental  im- 
paets  the  solutions  ereate.  Although  environmental  eonsiderations  are  not  the 
focus  of  our  effort,  we  believe  that  a  DoD  energy  strategy  based  on  solutions  that 
have  the  potential  for  signifieant  adverse  environmental  impaet  may  pose  ehal¬ 
lenges  in  gaining  publie  aeeeptanee,  delaying  or  diverting  the  department’s  en¬ 
ergy  transformation. 


Fully  burdened  costs  include  standard  fuel  price,  direct  ground  fuel  infrastructure,  indirect 
base  infrastructure,  environmental  costs,  delivery  asset  operations  and  support,  delivery  asset  de¬ 
preciation,  and  other  specific  costs.  Disagreement  exists  on  the  application  of  delivery  asset  depre¬ 
ciation  due  to  the  number  of  delivery  assets  not  being  directly  scalable  to  fuel  consumption. 

The  JASON  study  (see  Note  4)  found  that  the  Army’s  delivered  costs  in-theater  can  be 
$100  to  $600  per  gallon. 

OSD  PA&E,  Burdened  Cost  of  Fuel  (briefing  to  Energy  Security  IPT,  February  20,  2007). 

John  P.  Holdren,  “The  Energy  Innovation  Imperative:  Addressing  Oil  Dependence,  Climate 
Change,  and  Other  21st  Century  Energy  Challenges,”  Innovations,  Spring  2006,  p.  4. 
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Consideration  of  the  environmental  diseonneet  is  eonsistent  with  DoD  direetives 
to  “ensure  that  environmental  programs  aehieve,  maintain,  and  monitor  eompli- 
anee  with  all  applieable  [Exeeutive  orders]  and  Federal,  State,  inter-state,  re¬ 
gional,  and  loeal  statutory  and  regulatory  requirements.”^^  Although  some 
military  operations  are  exeluded  from  the  purview  of  this  direetive,  joint  doetrine 
notes  that 

while  complete  protection  of  the  environment  during  military  operations 
may  not  always  be  possible,  careful  planning  should  address  environ¬ 
mental  considerations  in  joint  operations,  to  include  legal  aspects.  [Joint 
Force  Commanders]  are  responsible  for  protecting  the  environment  in 
which  U.S.  military  forces  operate  to  the  greatest  extent  possible  consis¬ 
tent  with  operational  requirements.^’ 


Summary 

The  current  focus  on  the  global  energy  market,  global  climate  change,  and  na¬ 
tional  defense  provides  DoD  with  a  unique  opportunity  to  develop  a  comprehen¬ 
sive  energy  strategy  that  addresses  these  strategic,  operational,  fiscal,  and 
environmental  disconnects.  Such  a  strategy  would  fundamentally  transform  how 
DoD  views  energy.  While  estimates  vary  on  the  availability  of  recoverable  oil  at 
near  current  prices  (potentially  25  to  50  years),  the  long  period  to  develop  alter¬ 
nate  sources  of  fuel  and  changes  in  energy  infrastructure  and  the  long  capital  asset 
replacement  cycle  for  DoD  make  it  imperative  that  the  development  and  imple¬ 
mentation  of  a  comprehensive  energy  strategy  be  a  matter  of  urgency. 


DoD  Instruction  4715.6,  “Environmental  Compliance,”  April  24,  1996. 

”  Joint  Publication  3-0,  Joint  Operations,  Joint  Staff,  September  17,  2006,  p.  III-32. 


2-11 


Chapter  3 

Assessing  Energy  Options 


The  strategic,  operational,  fiscal,  and  environmental  disconnects  described  in  the 
preceding  chapter  illustrate  the  drawbacks  of  DoD’s  current  energy  profile,  but 
the  disconnects  alone  do  not  point  toward  a  solution.  Our  survey  of  the  energy 
technology  environment  identified  many  technologies  that  could  affect  DoD’s 
energy  dependence,  but  technology  alone  provides  little  investment  insight.  To 
focus  a  change  in  how  DoD  views,  values,  and  uses  energy,  DoD  must  address 
the  use  of  energy  in  specific  applications  as  well  as  larger  corporate  issues.  Arriv¬ 
ing  at  a  solution  requires  identifying  energy  challenges;  selecting  viable  techno¬ 
logical,  organizational,  and  process  options;  and  developing  potential  solution 
sets — the  combinations  of  technologies  and  resources  that  best  address  the  dis¬ 
connects,  that  will  most  benefit  DoD,  and  that  DoD  can  effectively  implement. 

Identifying  Energy  Challenges 


To  meaningfully  assess  its  energy  options,  DoD  must  understand  the  specific 
challenges  it  faces:  What  specific  energy  dependence  problem  or  “challenge” 
does  DoD  need  to  resolve?  Answering  this  question — whether  at  the  corporate 
level  or  component  level — provides  a  context  for  identifying  meaningful,  imple- 
mentable  options. 

In  addition  to  addressing  how  DoD  views  and  values  energy  at  the  corporate 
level,  our  review  of  the  role  of  energy  in  DoD  identified  three  specific  challenges 
that  DoD  might  address: 

♦  Greatest  Use.  The  greatest  use  challenge  captures  the  areas  within  DoD 
that  have  the  highest  fuel/energy  usage.  An  example  of  a  Greatest  Use 
challenge  is  the  aviation  fuel  consumption  by  all  segments  of  the  aviation 
community,  which  equals  roughly  80  percent  of  DoD’s  mobile  energy  us¬ 
age. 

♦  Greatest  Difficulty.  The  greatest  difficulty  challenge  captures  the  areas 
that  present  the  greatest  difficulty  for  logistics  support.  An  example  of  a 
Greatest  Difficulty  challenge  is  fuel  use  in  the  operational  environment  by 
tactical  and  nontactical  vehicles  such  as  tanks,  Humvees,  and  support  ve¬ 
hicles.  A  second  example  is  the  transportation  and  support,  including  fuel, 
of  mobile  electric  power  generation  equipment. 

♦  Greatest  Impact  on  the  warrior.  The  greatest  impact  challenge  captures 
areas  that  would  improve  the  operational  effectiveness  of  the  individual 
warfighter.  An  example  of  a  Greatest  Impact  challenge  is  improving 
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information  availability  while  reducing  the  weight  and  number  of  energy 
storage  devices  (batteries)  that  soldiers  must  carry  in  the  field  for  tactical 
missions. 

These  categories  are  not  intended  to  be  exclusive  but  rather  to  identify  areas  in 
which  DoD  might  best  prioritize  action  to  generate  energy  efficiency  (or  replace¬ 
ment)  impacts.  The  specific  organizational  or  technological  options  within  these 
categories  may  change  over  time,  but  focusing  on  these  categories  will  highlight 
the  issues  that  present  the  greatest  opportunities  for  change. 

Selecting  Options 


The  U.S.  government  and  commercial  industry  are  developing  an  astonishing 
number  of  energy-saving  and  -making  technologies  that  have  the  potential  to  ad¬ 
dress  DoD’s  energy  challenges.  The  list  is  daunting,  considering  that  most  tech¬ 
nologies  have  multiple  applications.  For  example,  new  solar  technologies  have 
been  proposed  for  everything  from  solar  panels  on  tents  to  replace  generators  for 
air  conditioning,  to  solar  panels  on  soldiers  to  replace  battery  weight.  The  list  be¬ 
comes  longer  still  when  we,  quite  correctly,  include  energy-saving  organizational 
and  process  changes,  which  include  everything  from  better  targeting  systems  (bet¬ 
ter  aim  =  fewer  bombs  to  hit  a  target  =  less  energy  used)  to  more  efficient  sched¬ 
uling  systems. 

To  help  DoD  select  viable  energy  options,  LMI  developed  a  framework  to  distin¬ 
guish  between  short-term  organizational  options  and  longer  term  engineering  or 
inventing  options.  The  Organize/Engineer/Invent  framework  helps  to  illustrate  the 
time  and  relative  level  of  effort  associated  with  the  different  options,  as  well  as 
the  ability  to  implement  changes  at  appropriate  levels  within  the  department.  ^ 

This  approach  enables  selection  of  multiple,  time-phased  options  that  offer  a 
combination  of  benefits  that  best  support  the  needs  of  DoD  and  address  a  wider 
stakeholder  audience.  The  components  of  this  framework  are  outlined  below. 

♦  Organize.  This  component  consists  of  organizational,  operational,  or  proc¬ 
ess  changes  that  reduce  energy  consumption  without  changing  the  under¬ 
lying  energy-consuming  technologies.  Examples  of  options  include 
alignment  of  organizational  processes  to  promote  energy  efficiency  or,  at  a 
more  specific  level,  more  efficient  scheduling  of  operations,  use  of  trainers 
or  virtual  communications,  and  manpower  adjustments.  Organizational 
options  do  not  affect  the  underlying  energy-consuming  technologies  of 
applications,  but  they  may  require  other  technologies — such  as  scheduling 
or  optimizing  software,  communications  links,  sensors,  data  collection  de¬ 
vices,  and  other  forms  of  information  technology — to  make  processes 
more  efficient. 


*  This  framework  is  also  consistent  with  the  Doctrine,  Organization,  Training,  Materiel,  Lead¬ 
ership  and  Education,  Personnel  and  Facilities  (DOTMLPF)  assessment  framework  for  organiza¬ 
tional  transformation. 
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♦  Engineer.  Engineering  options  improve  energy  effieieney  by  adopting 
available  new  technologies  or  making  incremental  changes  to  existing 
technologies.  The  engineering  approach  makes  use  of  technologies  that  are 
available  in  the  marketplace  or  are  in  the  research  and  development 
(R&D)  pipeline  to  implement  new  methods  to  supply  energy  or  improve 
energy  efficiency.  Options  in  this  area  will  most  likely  take  the  form  of 
improved  equipment  such  as  improved  batteries  or  more  fuel-efficient  en¬ 
gines.  In  general,  engineering  options  will  require  changes  in  support  from 
the  logistics  community  and  may  involve  changes  to  existing  policy  or 
doctrine. 

♦  Invent.  This  component  includes  options  to  reduce  energy  consumption  by 
making  radical  changes  to  existing  technology,  using  fundamentally  new 
technology  either  driven  by  or  enabling  new  operational  concepts  or  con¬ 
cepts  of  operations.  These  new  technologies  will  usually  require  new  sup¬ 
porting  infrastructures  and  logistics  capabilities  as  well  as  changes  in 
policy  and  doctrine. 

This  framework  also  illustrates  the  relative  level  of  cost,  risk,  and  degree  of  stake¬ 
holder  coordination  required  in  each  solution  category.  Organizing  generally  costs 
the  least  and  presents  the  least  risk,  because  in  most  cases  it  can  be  done  at  the 
operational  level  and  requires  no  new  technologies.  Engineering,  on  the  other 
hand,  requires  up-front  investment  in  available  new  technologies,  while  likely 
producing  greater  future  cost  savings.  Inventing  involves  the  greatest  investment 
in  time,  expense,  and  technical  risk,  because  it  often  requires  research  of  basic 
science  and  technology  and  the  subsequent  development  of  new  solutions,  with 
the  expectation  that  the  savings  will  eventually  be  greater  than  the  initial  invest¬ 
ment. 

Grouping  solutions  according  to  the  Organize/Engineer/Invent  framework  pro¬ 
vides  decision  makers  with  a  menu  of  choices  from  which  to  develop  a  solution 
set  that  best  supports  DoD’s  goals.  This  framework  presents  a  balanced  view  of 
the  solution  landscape  in  the  context  of  a  particular  challenge  and  enables  a  first- 
level  comparison  of  options  and  their  tradeoffs. 

One  must  be  careful  when  considering  the  costs  associated  with  a  proposed 
change  to  ensure  that  the  full  cost  of  implementation  is  captured.  Some  solutions 
may  require  significant  changes  in  support  infrastructure  and  associated  man¬ 
power,  which  must  be  included  in  any  business  case  analysis.  Solutions  that  pro¬ 
vide  a  fundamental  change  in  capability  pose  the  additional  challenge  of  trying  to 
estimate  the  incremental  value  of  this  capability  change. 

Without  an  understanding  of  the  full  cost  of  implementation,  stakeholders  may 
“suboptimize”  by  defaulting  to  options  that  they  can  implement  at  a  low  level  and 
that  provide  a  more  immediate  payoff.  Eor  instance,  compared  with  other  types  of 
changes,  organizational  changes  are  generally  the  quickest,  least  risky,  and  least 
expensive,  and  they  can  be  carried  out  at  the  lowest  organizational  level. 
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However,  organizational  ehanges  that  shift  the  eost  to  another  aetivity  or  level  of 
the  ehain  of  eommand  will  neither  address  the  strategie  diseonneets  nor  minimize 
energy  eonsumption  in  the  long  term.  For  this  reason,  as  a  last  step,  proposed  so¬ 
lutions  sets  should  be  evaluated  against  the  strategie,  operational,  fiseal,  and  envi¬ 
ronmental  diseonneets  to  ensure  that  the  proposed  solution  reduees  the 
diseonneets  from  an  aggregate  foree  perspeetive. 

This  framework  is  applieable  at  both  the  DoD  eorporate  level  and  for  speeifie  en¬ 
ergy  challenges.  Addressing  organizational  or  process  issues  at  the  DoD  level 
provides  a  first  step  in  aligning  the  entire  department  to  reduce  energy  depend¬ 
ence. 

Developing  Potential  Solution  Sets 


Selecting  among  the  numerous  technological,  organizational,  and  process  options 
for  addressing  DoD’s  energy  challenges  is  a  daunting  task.  Some  options  are 
readily  available  and  easy  to  implement,  but  they  may  produce  only  limited  sav¬ 
ings  in  fuel  usage  and  cost,  particularly  when  viewed  over  the  entire  DoD  system. 
Other  options,  including  some  still  in  the  development  stages  or  with  longer  im¬ 
plementation  cycles,  may  offer  greater  promise  for  long-term  savings.  Because  of 
this,  it  is  unlikely  that  a  single-point  solution  will  deliver  all  of  the  desired  energy 
reduction  benefits.  Satisfying  the  need  both  for  immediate  savings  and  for  longer 
term  sustainable  reductions  in  energy  consumption  requires  a  portfolio  of  solu¬ 
tions. 

The  Organize/Engineer/Invent  framework  can  produce  a  menu  of  technology  and 
process  improvement  options  to  address  energy  challenges.  Table  3-1  illustrates 
this  concept. 


Table  3-1.  Energy  Options 


Area 

Organize  options 

Engineer  options 

Invent  options 

Technology  Area  1 

Option  1 

Option  2 

Technology  Area  2 

Option  3 

Option  4 

Technology  Area  3 

Technology  Area  4 

Option  5 

Option  6 

Process  Area  1 

Option  7 

Process  Area  2 

Option  8 

For  a  given  energy  challenge,  options  can  be  selected  from  the  framework  table  to 
create  a  portfolio  of  solutions  that  together  deliver  the  most  beneficial  outcomes. 
Figure  3-1  illustrates  the  notional  selection  concept. 
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Assessing  Energy  Options 


Figure  3-1.  Deveioping  Soiution  Sets  from  Viabie  Options 


Organize  Engineer  Invent  Solution  Sets 
Options  Options  Options 


•  Option  2 

•  Option  7 

•  Option  10 


lolution  Set  1 


Option  4  Options  Option  12 


The  process  is  relatively  straightforward,  but  identifying  viable  options  and  se¬ 
lecting  among  alternatives  requires  a  detailed  analysis  of  each  option.  The  analy¬ 
sis  must  include  the  relative  costs  and  benefits  in  relation  to  the  strategic, 
operational,  fiscal,  and  environmental  disconnects.  This  process  requires  a  combi¬ 
nation  of  quantitative  analyses  to  determine  the  technical  merits  and  operational 
and  fiscal  implications  of  each  option,  qualitative  analyses  to  determine  the  rela¬ 
tive  importance  of  addressing  each  disconnect,  and  an  understanding  of  DoD  or 
national-level  policy  or  organizational  constraints  associated  with  implementing 
the  solutions.  Achieving  a  balance  between  strategic,  operational,  fiscal,  and  envi¬ 
ronmental  criteria  will  also  depend  on  DoD  policy,  especially  for  the  strategic  cri¬ 
teria.  Moreover,  a  good  solution  set  might  exert  negative  pressure  on  one  of  the 
evaluation  criteria,  but  still  exert  enough  benefit  in  the  other  categories  to  over¬ 
whelm  any  individual  category. 

Portfolios  or  combinations  of  investment  options  should  be  created  by  assessing 
their  ability  to  directly  address  the  strategic,  operational,  fiscal,  and  environmental 
disconnects.  Creating  portfolios  enables  the  packaging  of  complementary  combi¬ 
nations  of  organizing,  engineering,  and  inventing  options  that  may  deliver  a 
greater  level  of  benefits  than  selecting  a  single  option.  For  instance,  a  solution  set 
that  effectively  addresses  three  of  the  four  disconnects  might  be  preferred  over  a 
solution  set  that  improves  only  operational  effectiveness.  The  portfolio  approach 
also  provides  the  opportunity  to  identify  and  limit  investment  in  engineering  solu¬ 
tions  that  are  inconsistent  with  eventual  implementation  of  a  preferred  long-term 
invented  solution.  Evaluation  and  reevaluation  of  combinations  of  investment 
strategies  should  be  a  continual  process. 


Summary 


Creation  of  a  sustainable  energy  strategy  requires  a  structured  approach  to  DoD’s 
energy  challenges  and  targeting  of  the  appropriate  technologies  and  resources  to 
address  these  problems.  The  Organize/Engineer/Invent  framework  provides  the 
building  blocks  of  such  an  approach  and  enables  the  development  of  both  techni¬ 
cal  and  nontechnical  options  for  meeting  DoD’s  most  important  energy 
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challenges.  Figure  3-2  illustrates  the  overall  assessment  process.  At  the  highest 
level,  this  framework  also  informs  DoD  that  the  first,  and  perhaps  most  meaning¬ 
ful,  steps  may  be  to  address  DoD’s  corporate  organization  and  processes  to  reduce 
energy  dependenee. 


Figure  3-2.  Process  for  Assessing  Energy 
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Chapter  4 

Current  DoD  Energy  Organization  and  Process 


Any  change  in  how  DoD  views,  values,  and  uses  energy  must  start  by  addressing 
DoD’s  organization  and  proeesses.  The  department  itself  reflects  the  American 
style  of  war  as  it  has  evolved  sinee  the  Civil  War.  The  Ameriean  way  of  war  has 
been  to  leverage  our  industrial  capaeity  to  provide  sufficient  forees  and  supplies 
to  overwhelm  and  wear  down  our  adversaries.  The  net  result  has  been  a  heavy 
reliance  on  logisties,  ineluding  energy,  to  provide  essentially  whatever  support 
Ameriean  commanders  desired.  In  eeonomic  terms,  logistics  requirements  have 
been  viewed  by  the  commander  as  a  “free  good,”  always  available  when  needed. 
Although  the  U.S.  military  has  begun  a  transformation  to  a  more  mobile  and  agile 
foree,  as  evidenced  by  the  eonflict  phases  of  Operation  Enduring  Freedom  in  Af¬ 
ghanistan  and  Operation  Iraqi  Freedom,  the  transformation  has  yet  to  be  refleeted 
by  a  signifieant  reduction  in  logistics  requirements,  including  energy  require¬ 
ments.  Current  DoD  corporate  processes  and  governance  structures  related  to  en¬ 
ergy  reflect  this  organizational  view  of  logisties  in  general  and  energy  in 
partieular.  As  detailed  below,  energy  efficiency  of  the  mobility  forces  is  seen  as 
secondary  to  operational  primacy  at  the  point  of  contact,  with  little  regard  for  the 
constraints  placed  on  the  total  foree  as  a  result  of  its  energy  requirements. 

Energy  Considerations  in  DoD  Corporate 
Processes 


DoD  corporate  processes  attempt  to  integrate  all  of  the  programs,  proeesses,  and 
resources  necessary  to  support  the  successful  achievement  of  DoD’s  mission.  This 
integration  effort  is  key  to  ensuring  that  all  of  the  components  work  together.  The 
corporate  proeesses  used  to  faeilitate  this  integration  are 

♦  strategic  planning; 

♦  analytic  agenda,  including  campaign  analysis  and  mission  analysis  con¬ 
ducted  by  the  services; 

♦  joint  eoncept  and  eapability  development; 

♦  aequisition;  and 

♦  PPBE. 

In  view  of  the  linkages  between  energy  and  operations,  energy  must  be  eonsid- 
ered  in  DoD’s  corporate  proeesses  to  fully  address  all  of  the  components  that  af- 
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feet  mission  execution.  Presently,  little  consideration  is  given  to  sources  and  uses 
of  energy,  other  than  the  use  of  DESC’s  standard  prices  for  routine  planning  and 
programming  in  the  operations  and  maintenance  accounts  and  in  required  acquisi¬ 
tion  life-cycle  cost  analysis. 

Strategic  Planning 

The  DoD  strategic  planning  process  does  not  address  energy  considerations  as  a 
key  factor  in  analysis,  operational  concept  and  capability  development  (or  pro¬ 
curement),  and  the  associated  planning  and  programming  phases  of  the  PPBE 
processes.'  Although  recent  efforts,  including  a  Deputy  Secretary  of  Defense 
Memorandum  on  strengthening  America’s  security  through  energy  efficiency^ 
and  the  establishment  of  the  Energy  Security  Task  Eorce  and  the  Defense  Science 
Board  Task  Eorce  on  Energy  Security,  are  examples  of  high-level  DoD  energy 
initiatives,  they  do  not  reflect  formal  incorporation  of  energy  in  the  strategic  plan¬ 
ning  process.  Without  such  incorporation,  these  efforts  may  have  limited  effec¬ 
tiveness,  similar  to  the  results  of  2001  and  2004  Defense  Science  Board  efforts. 

Analytic  Agenda 

The  DoD  analytic  agenda  is  the  vehicle  used  to  synchronize  strategic  analysis  in 
the  department.  Through  the  use  of  defense  planning  scenarios  approved  by  the 
USD(Policy)  and  of  Multi-Service  Eorce  Deployment  (MSED)  information  de¬ 
veloped  by  the  Joint  Staff,  the  analytic  agenda  provides  a  baseline  from  which 
changes  in  assumptions  or  capabilities  can  be  evaluated.  Although  OSD  and  the 
Joint  Staff  provide  the  common  framework,  the  services  are  responsible  for  much 
of  the  modeling  used  to  produce  mission-level  and  campaign  analysis.  The  results 
of  this  analysis  are  used  to  inform  PPBE  decisions,  operational  planning,  and 
force  development,  including  capability  and  acquisition  decisions. 

The  analytic  agenda  and  previous  strategic  analyses  have  not  focused  on  the  en¬ 
ergy  implications.  Although  the  Joint  Staff  evaluates  the  services’  input  to  the 
MSED  to  ensure  logistics  feasibility,  this  effort  is  primarily  limited  to  ensuring 
sufficient  lift  for  prospective  force  deployments.  It  does  not  evaluate  alternative 
future  operational  plans  or  capabilities  to  compare  the  energy  support  require¬ 
ments.  The  logistics  community  has  the  ability  to  estimate  the  logistics  support 
force  requirements,  but  the  data  are  not  used  in  an  iterative,  near-real-time  manner 
for  total  force  optimization.  The  services  are  improving  their  ability  to  incorporate 


'  The  strategic  planning  process,  which  includes  the  development  of  strategic  planning  guid¬ 
ance  and  efforts  like  the  Quadrennial  Defense  Review,  provides  guidance  to  the  OSD  staff,  com¬ 
batant  commanders.  Joint  Staff,  services  and  agencies.  This  guidance  influences  the  studies  to  be 
conducted  in  the  analytic  agenda  as  well  as  joint  concept  and  capability  development.  The  strate¬ 
gic  planning  process  drives  the  PPBE  planning  phase. 

^  Memorandum  from  Gordon  England  to  Secretaries  of  Military  Departments,  Chairman  of 
the  Joint  Chiefs  of  Staff,  and  Under  Secretary  of  Defense  for  Acquisition,  Technology,  and  Logis¬ 
tics,  “Strengthening  America’s  Security  and  Improving  the  Environment,”  February  16,  2007. 


4-2 


Current  DoD  Energy  Organization  and  Process 


energy  considerations  in  war-gaming  simulations,  but  these  efforts  are  not  uni¬ 
formly  reflected  in  DoD  analyses. 

Joint  Concept  and  Capability  Development 

The  joint  operations  concept  development  process  serves  as  a  basis  for  future 
force  development  by  building  on  strategic  guidance  to  project  how  a  future  force 
might  operate  in  8  to  20  years.  The  concepts  developed  then  become  a  basis  for 
capability  development  in  the  Joint  Capability  Integration  and  Development  Sys¬ 
tem  (JCIDS).  Neither  process  takes  a  system  view  of  energy  use  and  related  im¬ 
pacts. 

Currently,  26  joint  operating,  functional,  or  integrating  concepts  are  approved  or 
in  development.  The  focused  logistics  and  joint  logistics  concepts  make  limited 
reference  to  the  desirability  of  reducing  energy  demand  or  providing  alternate 
sources  such  as  fuel  cells  but  the  remaining  concepts  generally  are  written  without 
regard  to  the  fuel  or  energy  implications  on  the  total  force.  For  example,  the  major 
combat  operations  joint  operating  concept  states:  “The  joint  sustainment  distribu¬ 
tion  subsystem  must  be  capable  of  delivering  all  required  supplies  anywhere  in 
the  battlespace  where  supported  forces  are  operating.”  This  follows  the  long¬ 
standing  practice  of  the  warfighter  assuming  that  the  logistics  community  will 
provide  whatever  is  required.  Although  this  practice  has  worked  well  in  the  past, 
it  may  create  unintended  vulnerabilities  if  the  force  energy  consumption  trends 
continue.  The  fuel  supply  chain  comes  with  an  operational  cost  in  terms  of  loss  of 
agility,  resources  diverted  to  transport  and  delivery,  and  force  protection  require¬ 
ments,  as  well  as  a  fiscal  cost.  These  costs  are  not  considered  when  evaluating  the 
aggregate  force  capability  impact  of  a  new  concept. 

While  the  joint  concept  development  process  and  the  joint  capability  process  are 
independent  processes,  they  are  integrated  through  the  capability-based  assess¬ 
ment  process  developed  by  the  Joint  Requirements  Oversight  Council  (JROC). 
Figure  4-1  depicts  the  JROC  process.  The  broad  capability  requirements  and  op¬ 
erating  environment  of  the  joint  concepts  provide  the  foundation  for  the  func¬ 
tional  area  analysis  and  the  functional  needs  analysis  of  the  capabilities-based 
assessment  required  by  JCIDS. 


^  Department  of  Defense,  Major  Combat  Operations  Joint  Operating  Concept,  Version  2.0, 
December  2006,  http://www.dtic. miFfuturejointwarfare/concepts/joc_mco_v20. doc,  accessed  Feb¬ 
ruary  16,  2006. 


4-3 


Figure  4-1.  The  JROC  Capability  Assessment  Process 


Joint  Integrating 
Concept  Development  & 
Mission  Analysis 


Energy  based  capability  trades  are 
constrained  by  the  operational  concept 


Source:  Joint  Staff,  J-8  Capabilities  and  Acquisition  Division,  “JCIDS  Overview,”  November  30,  2005, 
http://www.dau.mil/performance_support/docs/Nov_2005_JCIDS_Overview/ppt,  accessed  February  16,  2007. 

Note:  LMI  annotations  shown  in  red. 

The  JCIDS  process  is  structured  to  consider  capability  alternatives  developed  to 
meet  the  needs  identified  in  the  functional  needs  analysis.  These  alternatives  are 
assessed  in  the  functional  solutions  analysis,  which  provides  an  opportunity  to 
consider  the  energy  implications  of  proposed  solutions.  Historically,  these  consid¬ 
erations  have  been  based  on  the  projected  DESC  standard  price  of  fuel,  not  the 
fully  burdened  cost,  which  includes  the  cost  to  deliver  the  fuel  to  the  operating 
unit.  As  previously  noted,  this  fully  burdened  cost  can  be  significantly  higher  than 
the  standard  cost,  particularly  for  air-delivered  fuel  or  fuel  for  forces  forward  in 
the  operating  environment. 

The  JROC  recently  agreed  to 

selectively  apply  energy  efficiency  as  a  [key  performance  parameter 
(KPP)],  as  necessary,  to  include: 

♦  Defining  “fully  burdened”  cost  of  delivered  luel  to  Hilly  price  the 
logistics  fiiel  delivery  chain  (including  force  protection  require¬ 
ments); 

♦  Establish  overarching  policy  mandating  fuel  efficiency  consid¬ 
erations  to  fleet  purchases  and  operational  plans,  consistent  with 
mission  accomplishment  (new  department  wide  guidance  is  cur¬ 
rently  pending);  and 
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♦  Mandate  life  cycle  cost  analysis  for  new  capabilities  include 
“fully  burdened”  cost  of  fuel  during  analysis  of  alternative/ 
evaluation  of  alternatives  (AoA/EoA)  and  acquisition  program 
design  trades."^ 


Acquisition 

The  acquisition  process  as  defined  by  DoD  Directive  5000.1,  “Defense  Acquisi¬ 
tion  System,”  and  implementing  guidance  provides  the  opportunity  to  consider 
the  energy  implications  of  a  developmental  system  through  a  life-cycle  cost 
analysis  and  an  analysis  of  alternatives.  In  general,  these  analyses  have  been 
based  on  the  projected  DESC  standard  price  of  fuel,  not  the  fully  burdened  cost. 

Although  both  the  JCIDS  and  the  acquisition  process  provide  an  opportunity  to 
address  energy  considerations  associated  with  a  capability,  they  may  be  “selec¬ 
tively  applied”  only  at  the  operating  unit  level.  Using  the  fully  burdened  cost  ad¬ 
dresses  the  fiscal  implications  of  fuel  supply  requirements,  but  DoD  has  no 
provision  to  consider  the  impacts  of  the  fuel  supply  chain  on  the  aggregate  force 
level  capability,  including  its  mobility,  agility,  and  persistence. 

Planning,  Programming,  Budgeting,  and  Execution 

The  fiscal  impacts  of  energy  usage  become  apparent  in  the  programming  and 
budgeting  phase  of  the  PPBE  process.  Rising  consumption  trends,  if  not  ad¬ 
dressed,  coupled  with  likely  gradual,  and  possibly  sudden,  price  increases,  will 
serve  to  increase  the  requirements  of  the  operating  accounts.  The  system  aspects 
of  energy  use  can  also  affect  the  procurement  and  other  accounts.  The  following 
example  highlights  the  ultimate  impact  on  PPBE  of  systemwide  energy  considera¬ 
tions. 

When  new  capabilities  and  operating  systems  or  concepts  are  implemented,  the 
logistics  community  evaluates  the  impact  of  these  changes  on  the  supply  chain 
and  determines  if  additional  logistics  capability  is  required  to  meet  the  demand  of 
the  new  system  or  concept.  This,  in  turn,  may  create  new  acquisition  requirements 
for  the  added  logistics  capability.  In  an  ideal  world,  if  the  future  logistics  re¬ 
quirements  are  captured  in  the  analysis  for  the  initial  new  capability,  then  the  cost 
of  the  additional  new  logistics  capability  could  be  programmed  at  the  same  time. 
If  this  cost  was  not  captured,  then  it  competes  for  resources  with  other  planned 
procurements  (and  the  other  accounts),  creating  a  classic  “tail”  versus  “tooth” 
situation.  If  the  resolution  of  this  conflict  is  a  reduction  in  the  planned  capability 
purchase,  unit  price  likely  increases  for  either  or  both  the  warfighting  and  logis¬ 
tics  capability,  resulting  in  self-perpetuating  price  increases  absent  the  introduc¬ 
tion  of  unplanned  funding  from  other  sources. 


^  JROC  Memorandum  161-06,  “Key  Performanee  Parameter  Study  Reeommendations  and 
Implementation,”  August  17,  2006. 
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Once  a  capability  has  been  delivered  to  the  force,  the  fuel  requirements  are  funded 
through  the  operations  and  maintenance  accounts.  Other  support  requirements  to 
deliver  the  fuel  are  funded  through  multiple  accounts.  Although  the  services  can 
internally  allocate  some  of  these  costs  to  the  major  program,  the  PPBE  process 
does  not.  As  a  result,  service  major  program  managers  have  little  incentive  to 
propose  investment  to  reduce  energy-related  operating  costs,  particularly  as  the 
savings  accrue  to  the  operating  accounts,  not  their  own  accounts.  If  other  services 
have  the  requirement  to  deliver  the  fuel,  the  incentive  is  even  less.  In  a  political 
climate  in  which  operating  costs  are  viewed  as  readiness  requirements  and  are  es¬ 
sentially  treated  as  “must  pay”  bills,  or  when  operating  costs  are  funded  through 
supplemental  appropriations,  this  tendency  is  even  more  pronounced. 

DoD  Energy  Governance 


DoD  has  had  an  ongoing  effort  to  monitor  and  reduce  energy  consumption  since 
the  passage  of  the  National  Energy  Conservation  Act  in  1978.  Up  to  2006,  the 
department’s  greatest  successes  have  been  in  installation  and  facility  energy 
conservation.  The  2005  DoD  Annual  Energy  Management  report  shows  that  DoD 
achieved  a  reduction  in  energy  use  of  28.3  percent  (measured  in  Btu/gross  square 
foot)  compared  to  the  baseline  set  in  1985.  The  department’s  ability  to  reduce  its 
energy  consumption  was  facilitated  by  the  establishment  of  a  governance 
structure,  internal  and  external  goals,  metrics,  and  reporting  requirements, 
incentives,  and  innovative  funding  mechanisms  for  energy  efficiencies.^ 

A  significant  amount  of  legislation,  along  with  Executive  orders,  directives,  and 
instructions,  dictate  the  need  or  state  policy  for  energy  conservation  and 
efficiency.  DoD  energy  managers  in  all  of  the  services  are  directed  to  focus  their 
energy  program  efforts  to  ensure  “that  DoD  utility  infrastructure  is  secure,  safe, 
reliable  and  efficient;  that  utility  commodities  are  procured  effectively  and 
efficiently;  and  that  DoD  Components  maximize  energy  and  water  conservation 
efforts.”^  DoD  guidance  is  clear  and  provides  specific  procedures  to  meet  or 
exceed  legislated  standards  for  conserving  energy,  reducing  energy  consumption, 
and  meeting  environmental  goals. ^  This  guidance,  however,  focuses  on  facilities 
and  installations,  including  fleet  vehicles,  and  specifically  exempts  military 
tactical  vehicles  and  activities  outside  the  United  States.^  (Appendix  C  identifies 
key  legislative  and  executive  direction,  DoD  guidance,  and  service-specific 
regulations.) 


^  USD(AT&L),  Department  of  Defense  Annual  Energy  Management  Report,  Fiscal  Year 
2006,  January  2007. 

^  DUSD(I&E),  DoD  Energy  Manager’s  Elandbook,  August  25,  2005. 

’  DoD  Directive  4140.25,  April  2004,  and  DoD  Instruction  4170.1 1,  November  2005. 

*  Executive  Order  13423,  January  24,  2007. 
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Governance  Structures 

In  December  1985,  the  DoD  Energy  Policy  Council  was  established  to  provide  a 
coordinated  review  of  DoD  energy  policies,  issues,  systems,  and  programs.  The 
instruction  assigned  responsibilities  to  various  offices  within  DoD  and  allowed  for 
a  “cross-feed  of  information  between  Military  Department  Energy  Offices.”^ 
Although  the  instruction  is  dated  and  no  longer  matches  the  current  organizational 
framework,  many  of  the  functions  and  responsibilities  described  in  the  instruction 
are  being  performed  by  various  offices  within  DoD. 

One  of  the  key  officials  is  the  Principal  Deputy  Under  Secretary  of  Defense  for 
Acquisition,  Technology  and  Logistics,  DUSD(AT&L),  who  is  the  DoD  senior 
agency  official  responsible  for  meeting  the  goals  of  Executive  Order  13123.  (Al¬ 
though  Executive  Order  13123  was  canceled  by  the  recently  issued  Executive  Or¬ 
der  13423,  we  presume  the  senior  agency  official  required  by  13423  would  not 
change.)  Another  key  official  is  the  DUSD  for  Installations  and  Environment 
(I&E),  who  chairs  the  DoD  Installations  Capabilities  Council.  The  council  is  char¬ 
tered  to  address  a  broad  spectrum  of  installation  issues,  including  energy  man¬ 
agement,  and  to  identify  and  remove  obstacles  through  improved  policy  and 
guidance.  The  USD(AT&L),  has  delegated  authority  for  managing  the  installation 
energy  program  to  the  DUSD(I&E).^° 

Energy  Initiatives 

The  Energy  Conservation  Investment  Program  (ECIP)  is  an  initiative  to  improve 
energy  and  water  efficiency  at  DoD  facilities.  ECIP  is  a  competitive-bid  program 
that  uses  military  construction  funding  to  invest  in  energy-efficient  upgrades  for 
facilities.  Annual  funding  has  increased  from  $27  million  in  PY02  to  $60  million 
requested  in  PY07,  and  is  expected  to  increase  $10  million  annually  to  $100 
million  in  EY 1 1 . 

DoD  uses  Energy  Saving  Performance  Contracts  (ESPCs)  and  Utility  Energy 
Service  Contracts  (UESCs)  to  identify  and  also  to  encourage  the  use  of  energy- 
efficient  products  and  technologies.  DoD  uses  the  savings  from  energy-efficient 
actions  to  finance  the  contracts.  ESPC  is  a  contracting  procedure  by  which  a  pri¬ 
vate  contractor  (typically  called  an  energy  services  company)  evaluates,  designs, 
finances,  acquires,  installs,  and  maintains  energy-saving  equipment  or  systems  for 
a  client  and  receives  compensation  based  on  the  energy  consumption  or  cost  sav¬ 
ings  performance  of  the  equipment  or  systems.  Potential  retrofit  projects  involve 

^  DoD  Instruction  5126.47,  December  2,  1985. 

***  The  DUSD(I&E)  is  assigned  authority  to  establish  departmental  energy  conservation  pro¬ 
gram  goals  and  develops  procedures  to  measure  components’  energy  conservation  accomplish¬ 
ments;  provide  annual  programming  guidance  and  oversight  for  the  achievement  of  energy  goals 
and  objectives;  establish  criteria,  program,  and  budget  for  and  monitor  the  execution  of  the  Mili¬ 
tary  Construction-Energy  Conservation  Investment  Program  (ECIP);  and  develop  policy  guid¬ 
ance,  consistent  with  current  legislation  and  Executive  orders,  to  report  energy  use  and  results  of 
energy  conservation  accomplishments  against  federal  energy  conservation  and  management  goals. 
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lighting;  heating,  ventilating,  and  air  eonditioning  systems;  automatie  eontrols; 
building  envelope  improvements;  water  eonservation  measures;  and  alternative 
fuel  systems.  These  eontraets  ean  be  signed  for  periods  up  to  25  years.  UESCs  are 
similar  to  ESPCs,  but  the  projeets  are  finaneed  and  implemented  through  utility 
eompanies.^' 

An  ESPC  ean  be  an  effeetive  vehiele  through  whieh  to  implement  energy  eonser¬ 
vation  measures,  espeeially  when  little  or  no  internal  funding  is  available.  In  a 
Mareh  1,  1991,  memorandum,  “Defense  Eaeilities  Energy  Management,”  the 
Deputy  Seeretary  of  Defense  direeted  eaeh  military  department  to  initiate  a  mini¬ 
mum  of  three  ESPC  projeets  eaeh  fiseal  year.  The  serviees  are  easily  exeeeding 
this  goal.  In  PY06,  defense  eomponents  awarded  17  UESC  and  19  ESPC  task  or¬ 
ders  or  eontraets  valued  at  $694  million,  with  projeeted  annual  energy  savings  of 
1,750  trillion  Btu  and  projeeted  total  life-eyele  savings  of  $501  million.^^  In  light 
of  the  Exeeutive  Order  13423  requirement  for  all  federal  ageneies  to  reduee  their 
energy  eonsumption  by  30  pereent  by  2015  (from  2003  baseline  data)  and  the  lim¬ 
ited  eurrent  and  future  internal  funding,  it  is  likely  that  ESPCs  will  faeilitate  a 
large  amount  of  energy  eonservation  measures  for  DoD  installations. 

In  2003,  legislation  was  introdueed  for  ESPC  pilot  programs  for  nonbuilding  ap- 
plieations.  Although  the  program  was  not  expeeted  to  generate  the  same  level  of 
returns  as  the  original  ESPC  program,  it  was  a  method  to  provide  private  eapital 
to  modernize  DoD  systems  for  improved  energy  effieieney  without  using  appro¬ 
priated  funds.  In  2004,  however,  the  Administration  objeeted  to  the  expansion  of 
ESPC  authorities  to  nonbuilding  applieations  beeause  it  was  “ineonsistent  with 

1 3 

Eederal  fiseal  and  proeurement  polieies.” 

Installation  efforts  inelude  numerous  programs  in  energy  eonservation  awareness, 
awards  programs,  and  use  of  government  funds  to  finanee  tools  to  attain  shore 
energy  goals.  Sueeess  is  aehieved  by  setting  reduetion  goals  and  then  traeking 
progress  to  those  goals.  Some  key  areas  being  measured  are  total  energy  and 
water  eost,  energy  eonsumption  per  square  foot  of  faeilities,  greenhouse  gas 
emissions,  and  resourees  programmed  to  support  energy  eonservation  plans.  The 
philosophy  behind  programming  resourees  is  “smart  investments  in  energy 
efficient  technology  yield  a  return  on  investment  of  300%  to  400%  over  their  life 
cycle. 

DoD  has  numerous  renewable  energy  projects  to  reduce  energy  dependence,  from 
an  operating  geothermal  power  plant  at  China  Take,  CA,  to  wind  facilities  in 
Guantanamo  Bay,  Cuba.  In  2005,  almost  9  percent  of  electricity  used  on  DoD 

*'  USD(AT&L),  Department  of  Defense  Annual  Energy  Management  Report,  Fiscal  Year 

2005,  January  2006. 

USD(AT&L),  Department  of  Defense  Annual  Energy  Management  Report,  Fiscal  Year 

2006,  January  2007. 

Office  of  Management  and  Budget,  “Statement  of  Administration  Policy  by  Executive  Of¬ 
fice  of  the  President,”  May  19,  2004. 

Department  of  Navy  Shore  Energy  Business  Plan,  2001. 
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installations  came  from  renewable  sources.  The  Air  Foree  is  the  number  one 
purehaser  of  renewable  energy  in  the  United  States.  In  the  future,  federal  ageneies 
must  ensure  that  at  least  half  of  the  statutorily  required  renewable  energy 
eonsumed  in  a  fiseal  year  eomes  from  new  renewable  sources;  to  the  extent 
feasible,  agencies  must  implement  renewable  energy-generation  projects  on 
agency  property  for  ageney  use.'^ 

Notwithstanding  the  governance  foeus  on  installation  energy,  the  serviees  have 
taken  some  steps  to  improve  energy  effieieney  in  mobility  applieations.  Because 
of  the  long  eapital  replaeement  cyele,  the  improvements  in  legaey  foree  effieieney 
have  more  signifieant  near-term  impaets  than  teehnology  development  for  new 
systems. 

From  1977  to  2003,  the  Navy  has  redueed  fuel  eonsumption  on  legaey  platforms 
by  15.5  pereent  for  surfaee  eombatants  and  by  6  pereent  for  fixed-wing  aireraft.^^ 
The  Navy  is  pursuing  development  of  hydrodynamie  teehnologies  for  improved 
ship  power  and  fuel  savings.  In  2003,  the  Naval  Sea  Systems  Command’s  Naval 
Surface  Warfare  Center  Carderock  Division  opened  a  Center  for  Coneept 
Visualization  dedicated  to  ship  system  analysis  and  design.  The  center  is  used  to 
view,  test,  and  manipulate  highly  “immersive”  visualizations  of  new  ship  designs 
that  allow  engineers  to  examine  water  flow  and  noise  transmission  in  and  around 
ships  and  submarines.  The  results  are  faster,  quieter  ships  that  eost  taxpayers  less 
money. 

DoD  is  also  pursuing  enabling  eapabilities  for  lightweight  vehieles  and  weapon 
systems  that  will  be  more  energy  effieient.  A  new  manufaeturing  proeess  for 
titanium  may  provide  a  eost-effective,  lighter,  and  stronger  alternative  to  steel  for 
nearly  all  DoD  platforms.  Although  abundant,  titanium  has  been  expensive  to  use 
in  manufaeturing  beeause  purifying  it  from  ores  is  energy  intensive.  The  Army 
has  an  ongoing  Energy  and  Power  Teehnology  Initiative  with  stable  goals  and 
funding.  The  initiative  is  achieving  measurable  progress  in  developing  the 
advaneed  system  eomponents  neeessary  to  implement  future  energy  initiatives.'^ 


Incentives 


All  of  the  serviees  are  engaged  with  the  DOE  award  programs — for  example,  the 
Energy  Saver  Showease  Award,  the  Eederal  Energy  and  Water  Management 
Award,  and  the  Presidential  Award  for  Eeadership  in  Eederal  Energy 

Executive  Order  13423,  January  24,  2007. 

Dr.  Alan  Roberts,  Head,  Energy  Plans,  Policy  and  Technology  Branch,  “DON  Energy 
Management  Program”(briefing  to  the  DSB  Energy  Strategy  Task  Force,  May  30,  2006). 

USD(AT&L),  Department  of  Defense  Annual  Energy  Management  Report,  Fiscal  Year 
2006,  January  2007. 

**  John  J.  Young  Jr.,  Director,  Defense  Research  and  Engineering,  and  Philip  W.  Grone, 
DUSD(1&E),  “Joint  Statement  before  Subcommittees  on  Terrorism,  Unconventional  Threats  and 
Capabilities  and  Readiness  of  the  House  Armed  Services  Committee,”  September  26,  2006. 

Meeting  with  Dr.  M.  Freeman,  Office  of  ASA(ALT),  February  14,  2006. 
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Management.  In  addition,  eaeh  serviee  has  its  own  award  program.  DoD 
ineentives  inelude  energy  conservation  awards  given  to  individuals,  organizations, 
and  installations.  The  services  each  have  awards  programs  for  outstanding 
individuals  for  overall  contribution  to  the  program,  and  they  often  incorporate  on- 
the-spot  awards  and  incentive  awards  to  recognize  exceptional  performance  and 
participation  in  the  energy  management  program.  Energy  management  provisions 
are  also  included  in  performance  plans  within  the  DoD  energy  chain  of  command, 
including  major  command,  base,  and  site  energy  managers. 

Summary 


The  establishment  of  a  single  process  owner,  along  with  goals,  metrics,  reports, 
and  timelines  (although  they  may  have  appeared  arbitrary  at  the  time),  and  the 
development  of  innovative  energy-savings  investment  mechanisms  have  been 
effective  in  reducing  energy  consumption  in  DoD  facilities.  Figure  4-2  highlights 
the  success  DoD  has  had  in  facility  energy  reduction  over  the  last  10  years  and  the 
expectation  for  continued  success  in  the  future. 

Figure  4-2.  DoD  Energy  Reduction  Progress  in  Standard  Buiidings 


Fiscal  Year 


Source:  Dr.  Get  W.  Moy,  “Department  of  Defense  Overview  of  the  Department’s  Asset  Man¬ 
agement’’  (presentation,  December  5,  2006). 

Many  of  the  same  processes  that  were  effective  in  reducing  the  DoD  facility 
energy  consumption  by  nearly  30  percent  from  the  1985  baseline  could  be  applied 
to  operational  and  mobility  energy  usage.  Combined  with  changes  in  DoD 
corporate  processes  to  apply  a  system  view  of  energy  uses  and  costs,  particularly 


4-10 


2015 


Current  DoD  Energy  Organization  and  Process 


in  the  development  of  operating  eoneepts  and  eapabilities,  the  potential  exists  to 
signifieantly  reduee  the  department’s  relianee  on  traditional  energy  sources. 

Significant  facilities  energy  savings  did  not  happen  overnight.  They  were  clearly 
tied  to  long-term  goals  and  incremental  energy  efficiencies  developed  in  response 
to  legislation  and  Presidential  and  DoD  policy  guidance.  Because  the  capital  asset 
replacement  cycle  is  lengthy,  significant  changes  in  operational  energy 
consumption  due  to  new  capabilities  will  require  a  long  period.  Investment  in 
energy  conservation  methods  that  apply  to  the  existing  forces  is  essential  to 
achieve  near-term  efficiencies. 
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DoD’s  current  organizational  processes  and  structure  pose  several  challenges  for 
transforming  the  way  it  considers  energy.  As  discussed  earlier,  DoD’s  strategic 
planning,  analysis,  joint  concept  and  capability  development,  acquisition,  and 
PPBE  processes  provide  few  incentives  to  consider  energy  alternatives  and  fully 
burdened  energy  costs  in  resource  allocation  decisions,  particularly  when  related 
to  mobility  forces.  We  also  noted  that  energy  responsibilities  are  widely  dispersed 
among  DoD  and  the  services  and  that  the  current  governance  structure  is  highly 
focused  on  facilities  and  installation  energy  usage — a  structure  that  does  not  en¬ 
gender  a  system  view  of  energy  uses,  costs,  and  support  requirements. 

In  this  chapter,  we  consider  options  for  process  and  organizational  changes  to  ad¬ 
dress  the  lack  of  a  system  view  of  energy  at  the  DoD  corporate  level. 

Options  for  Corporate  Process  Change 


In  Chapter  4,  we  concluded  that  the  potential  exists  to  significantly  reduce  the 
department’s  reliance  on  traditional  energy  sources  through  changes  in  DoD 
corporate  processes.  These  process  changes  would  apply  a  system  view  of  energy 
uses,  costs,  and  support  requirements,  particularly  in  the  development  of 
operating  concepts  and  capabilities,  combined  with  application  of  the  processes 
used  to  reduce  energy  consumption  across  DoD.  To  fully  incorporate  this 
approach,  we  evaluated  how  changes  could  be  made  in  each  of  the  relevant 
corporate  processes. 

Strategic  Planning 

In  the  strategic  planning  process,  DoD  leadership  has  influence  over  the  analytic 
agenda,  concept  and  capability  development,  combatant  commanders’  planning, 
and  high-level  resource  allocation.  This  influence  is  exercised  through  the  Strate¬ 
gic  Planning  Guidance  and  periodic  Quadrennial  Defense  Review  (QDR). 
Through  this  process  DoD  leadership  could  do  the  following: 

♦  Establish  a  goal.  Direct  the  services  to  apply  the  energy  efficiency 

requirements  of  Executive  Order  13423  (3  percent  reduction  per  year,  or 
30  percent  by  2015)  to  mobility  forces  and  provide  guidance  to  the  PPBE 
process  to  ensure  that  appropriate  initiatives  to  achieve  these  requirements 
are  programmed,  budgeted,  and  executed. 
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♦  Direct  that  the  analytic  agenda  incorporate  current  and  projected  energy 
and  energy  logistics  analysis  in  support  of  operational  plans  and  capabil¬ 
ity-based  planning. 

♦  Provide  guidance  to  the  joint  concept  development  process  to  include 
energy  considerations  in  all  future  concept  development. 

♦  Provide  guidance  to  the  capabilities  development  and  acquisition 
processes  to  use  fully  burdened  fuel  costs  in  their  analysis  of  system  life- 
cycle  costs. 

♦  Provide  guidance  to  the  acquisition  process  to  make  energy  technology 
R&D  (focused  on  significantly  reducing  energy  dependence  and  imple¬ 
menting  new  energy-efficient  operational  concepts)  a  top  priority  (on  a  par 
with  the  development  of  stealth,  precision  strike,  and  tactical  intelligence, 
surveillance,  and  reconnaissance  in  the  late  1970s).' 

♦  Make  reducing  energy  vulnerability  a  focus  area  of  the  next  strategic 
planning  cycle  and,  potentially,  the  next  QDR. 

♦  Increase  coordination  with  the  Department  of  State  to  pursue  international 
cooperation  to  ensure  the  security  of  energy  infrastructure  and  transit  lanes 
and  direct  the  combatant  commanders  to  leverage  military-to-military 
relationships  to  enhance  the  stability  and  security  of  oil  infrastructure, 
transit  lanes,  and  markets  by 

>  working  with  the  militaries  of  our  economic  partners  and,  to  the  extent 
possible,  with  potential  adversaries  to  emphasize  the  global  nature  of 
the  energy  market  and  the  need  for  stability  and  security  in  this  market 
and  associated  infrastructure,  and  to  establish  cooperative  efforts  to 
ensure  the  security  of  energy  infrastructure  and  transit  lanes,  and 

>  working  with  militaries  of  oil-producing  nations  to  emphasize  that  the 
ability  to  maintain  the  long-term  security  of  their  oil  infrastructure 
depends  on  transparent  use  of  hydrocarbon  revenue  to  promote  the 
economic  and  social  prospects  of  their  population.^ 

Table  5-1  summarizes  some  advantages  and  disadvantages  of  changing 
this  process. 


*  Defense  Science  Board  Task  Force,  “The  Roles  and  Authorities  of  the  Director  of  Defense 
Research  and  Engineering,”  October  2005. 

^  John  Deutch  and  James  R.  Schlesinger,  National  Security  Consequences  ofU.S.  Oil  De¬ 
pendency,  Council  of  Foreign  Relations,  Independent  Task  Force  Report  58,  2006,  pp.  27-30.  The 
report  discusses  how  energy  security  can  be  enhanced  through  good  governance  in  producer  states 
and  cooperation  in  infrastructure  security  efforts. 
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Table  5-1.  Advantages  and  Disadvantages  of  Change:  Strategic  Planning  Process 


Advantages 

Disadvantages 

Strategic  planning  drives  other  corporate  proc¬ 
esses. 

Energy  efficiency  goal  focuses  service  attention 
and  has  proven  effective  for  facilities  reduction. 

Incremental  energy  efficiency  efforts  are  applied 
to  mobility  as  well  as  facility  uses. 

Combatant  commanders  initiate  actions  to  pro¬ 
mote  energy  security. 

U.S.  government  engagement  on  global  energy 
security  is  promoted. 

Immediate  changes  in  operational  concepts 
are  deferred  pending  analysis. 

Proponents  of  traditional  view  may  oppose 
the  change  as  not  applying  to  operational 
matters. 

Initiating  military-to-military  actions  with  stra¬ 
tegic  implications  may  be  viewed  as  outside 
the  purview  of  DoD. 

Analytic  Agenda 

The  DoD  analytic  agenda  informs  all  of  the  other  corporate  processes.  To  ensure 
the  effective  inclusion  of  energy  considerations,  DoD  leadership  could  direct  the 
Joint  Staff  to  work  with  the  services  to  do  the  following: 

♦  Capture  energy  use  and  energy  logistics  requirements  in  service  campaign 
and  mission  analysis  as  a  baseline  for  future  analyses.  Capture  total  joint 
force  energy  use  and  energy  logistics  requirements  to  ensure  the  logistics 
feasibility  of  analyzed  plans 

♦  Capture  energy  use  and  energy  logistics  requirements  of  future  capabilities 
when  conducting  capability  analysis;  evaluate  the  aggregate  impact  on  the 
total  force  of  the  projected  capabilities;  and  quantify  operational  and  fiscal 
impacts.  For  analyses,  allow  deviation  from  single  fuel  in  the  battlespace 
policy. 

♦  Develop  the  capability  to  analyze  energy  implications  in  near  real  time  so 
that  model  runs  with  variations  of  operational  plans/concepts,  MSFDs,  and 
support  forces  can  be  optimized,  including  energy  requirements  as  one  of 
the  optimization  factors. 

♦  Assess  the  role  of  information-based  technologies  to  reduce  energy 
dependence  through  the  “multiplier  effect”  of  unmanned  systems, 
enhanced  operational  information  provided  to  the  warfighter,  and  sensors 
and  improved  energy  information  in  operational  logistics,  particularly 
where  in-theater  personnel  requirements  can  be  reduced. 

♦  Evaluate  whether  an  immediate,  focused  action  is  required  to  develop  a 
new  Capstone  Concept  for  Joint  Operations  and  to  develop  alternate  en¬ 
ergy  supplies,  if  required  by  the  magnitude  of  vulnerability. 

Table  5-2  summarizes  the  advantages  and  disadvantages  of  changing  this  process. 
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Table  5-2.  Advantages  and  Disadvantages  of  Change:  Analytic  Agenda  Process 


Advantages 

Disadvantages 

Other  corporate  processes  are  informed  by 
analysis. 

Internal  DoD  analysis  becomes  basis  for  new 
Capstone  Concept  and  alternate  energy  supply 
development,  if  required. 

Insight  into  operational  energy  requirements 
and  into  potential  benefits  and  costs  of  changes 
is  improved. 

Ability  to  optimize  warfighting  plans  and  capa¬ 
bilities  across  all  relevant  key  factors  is  greater. 

Legacy  analytical  techniques  may  lack  capa¬ 
bility  to  capture  all  energy-related  require¬ 
ments. 

Additional  investment  in  modeling  capability 
may  be  required. 

DoD  insight  relies  on  service  models. 

Energy  logistics  are  difficult  to  model.  Many 
assumptions  are  necessary  and  the  results 
may  not  be  accurate. 

Joint  Concept  Development,  Joint  Capability  Development, 
and  Acquisition 

Because  of  the  linkages  between  joint  concept  development,  capability 
development,  and  acquisition,  energy  considerations  in  these  processes  must  be 
integrated.  To  put  it  another  way,  addressing  energy  considerations  in  joint 
capability  development  and  acquisition  will  improve  decision  making  based  on  an 
understanding  of  the  full  energy  costs  associated  with  a  capability,  but  only 
changes  in  the  operational  concept  can  create  the  opportunity  to  evaluate  the  full 
spectrum  of  capability  choices  that  may  be  applied  in  the  future  operating 
environment. 

All  future  operational  concepts  should  include  energy  considerations  (such  as 
usage,  logistics  requirements,  and  warrior  burden)  in  their  development.  The 
focus  of  joint  operations  concepts  is  on  8  to  20  years  in  the  future,  and  the 
systems  developed  based  on  these  concepts  may  remain  in  the  force  for  20  to  50 
years.  Therefore,  the  concept  development  process  is  an  ideal  vehicle  for  DoD  to 
begin  dealing  with  the  uncertain  energy  future.  The  requirement  for  immediate, 
focused  concept  development  efforts  to  speed  the  reduction  of  the  force’s  reliance 
on  traditional  energy  sources  and  logistics  will  be  determined  by  the  analysis 
undertaken  as  a  result  of  strategic  planning  directives  to  assess  the  vulnerability  of 
current  operational  plans  and  concepts  to  the  embedded  energy  considerations. 

To  integrate  energy  considerations  in  the  joint  concept  and  capability 
development  processes,  DoD  leadership  could  direct  the  Joint  Staff  to  do  the 
following: 

♦  Develop  a  new  concept  that  would  make  the  joint  force  commander 
significantly  less  reliant  on  energy  and  its  associated  logistics  support. 

♦  Include  energy  considerations  in  all  future  warfighting  concepts  and 
associated  joint  experimentation.  These  considerations  should  be 
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addressed  in  speeific  eapabilities,  attributes,  tasks,  eonditions,  and 
standards 

♦  Inelude  energy  eonsiderations  in  all  JCIDS  eapability-based  assessments. 
These  considerations  should  be  addressed  in  specific  tasks,  conditions,  and 
standards. 

To  integrate  energy  considerations  in  the  solutions  analysis  of  the  JCIDS  process 
and  in  the  acquisition  process,  DoD  leadership  could  require  the  Joint  Staff, 
services,  and  acquisition  community  to  do  the  following: 

♦  Apply  fully  burdened  fuel  costs  in  all  capability  solutions  analyses  and 
analyses  or  evaluations  of  alternatives.  Care  must  be  taken  to  ensure  that 
all  energy  infrastructure  and  logistics  support  requirements  are  captured, 
particularly  when  new  requirements  may  be  involved. 

♦  Ensure  the  inclusion  of  energy  infrastructure  and  logistics  support 
requirements  in  the  solutions  analyses  of  operational  concepts.  Also 
ensure  their  inclusion  in  associated  mission  and  campaign  analyses  of 
aggregate  force  impacts. 

♦  Identify  capability  development  initiatives  that  shift  fuel  support  costs 
across  service  boundaries  and  ensure  that  the  service  responsible  for  pro¬ 
viding  the  fuel  support  has  a  role  in  the  associated  capability  and  acquisi¬ 
tion  decisions. 

♦  Require  the  use  of  energy  efficiency  as  a  KPP  for  those  capabilities  whose 
aggregate  energy  consumption  is  a  significant  contributor  to  life-cycle  cost 
or  energy  logistics  support.  Achieving  threshold  energy  efficiency  should 
also  be  a  Milestone  B  exit  criterion. 

Tables  5-3  and  5-4  summarize  the  advantages  and  disadvantages  of  changing  the 
concept  and  capability  development  processes. 

Table  5-3.  Advantages  and  Disadvantages  of  Change: 

Concept  Development  Process 


Advantages 

Disadvantages 

Operational  concepts  drive  development  of  en¬ 
ergy-efficient  or  alternate  energy  capability. 

Energy  implications  are  integrated  into  opera¬ 
tional  concepts  and  associated  support  con¬ 
cepts. 

Conditions  are  set  to  consider  full  range  of  al¬ 
ternative  capabilities  in  capability-based  as¬ 
sessments. 

R&D  funding  can  be  focused  on  technologies 
required  to  implement  concepts. 

Energy  use  and  support  requirements  have 
not  traditionally  been  considered  as  drivers 
for  operational  concepts  (except  for  single 
fuel  on  battlefield). 

DoD  concept  may  not  be  sufficient  to  drive 
R&D  to  production  in  heavily  commercial  in¬ 
dustries  (e.g.,  vehicles). 
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Table  5-4.  Advantages  and  Disadvantages  of  Change: 
Capability  Development  Process 


Advantages 

Disadvantages 

Full  range  of  alternative  capabilities  is  consid¬ 
ered  in  assessments. 

Solution  alternatives  would  reflect  full  fiscal  and 
operational  impacts  on  DoD. 

Joint  iogistics  support  requirements  can  be  inte¬ 
grated  in  the  JCiDS  and  acquisition  process. 

Determining  fully  burdened  cost  may  be  diffi¬ 
cult. 

Valuing  aggregate  operational  impact  may  be 
difficult. 

Determining  appropriate  KPP  metric  and 
threshold  may  be  difficult. 

In  addition  to  the  actions  that  are  directly  linked  to  capability  procurement,  the 
acquisition  process  can  make  several  other  contributions  to  changing  the  role  of 
energy  in  DoD.  In  particular,  DoD  leadership  can  do  the  following: 

♦  Invest  in  S&T  to  provide  potential  breakthrough  opportunities  for  energy 
efficiency  or  alternative  energy  sources,  particularly  those  opportunities 
that  may  significantly  reduce  the  reliance  on  petroleum-based  fuels 

♦  Coordinate  service  R&D  initiatives  to  ensure  focused  efforts  and  avoid 
duplication 

♦  Invest  in  commercially  developed  alternative  energy  sources  as  required  to 
ensure  the  qualification  of  these  products  for  use  in  DoD  systems 

♦  Consistent  with  the  degree  of  vulnerability  generated  by  analysis  in  the 
analytic  agenda  and  the  pace  of  commercial  development  of  alternate 
energy  sources,  consider  establishing  long-term  purchase  agreements  (and 
recommending  associated  authorizing  legislation)  to  spur  commercial 
investment  by  reducing  market  risk,  in  partnership  with  other  consumer 
industries  if  feasible. 

Table  5-5  summarizes  the  advantages  and  disadvantages  of  changing  the 
acquisition  process. 
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Table  5-5.  Advantages  and  Disadvantages  of  Change:  Acquisition  Process 


Advantages 

Disadvantages 

DoD-wide  suboptimization  and  cost-shifting  be¬ 
tween  operating  and  support  forces  wouid  be 
minimized. 

Solution  alternatives  would  reflect  full  fiscal  and 
operational  impacts  on  DoD. 

Future  operating  and  logistics  support  require¬ 
ments  could  be  properly  planned  and  pro¬ 
grammed. 

Focused  S&T  and  R&D  efforts  would  be  pro¬ 
moted. 

Qualified  alternate  energy  sources  for  DoD  ap¬ 
plications  would  be  ensured. 

If  required  and  appropriate  due  to  degree  of 
vulnerability,  investment  in  commercial  alterna¬ 
tive  energy  sources  would  be  promoted. 

Valuing  aggregate  operational  impact  may  be 
difficult. 

DoD  acquisition  alternatives  may  be  con¬ 
strained  by  what  industry  is  willing  to  provide, 
particularly  in  heavily  commercial  markets 
(e.g.,  vehicles). 

Some  S&T  and  R&D  efforts  are  directed  by 
Congress. 

Excess  focus  and  elimination  of  duplication 
may  limit  opportunity  for  technology  break¬ 
throughs. 

Alternative  energy  market  should  be  devel¬ 
oped  by  industry. 

Investment  in  alternative  energy  sources 
alone  does  not  address  distribution  to  operat¬ 
ing  forces. 

Planning,  Programming,  Budgeting,  and  Execution 

All  of  the  DoD  corporate  processes  come  together  in  the  PPBE  process.  If  the 
corporate  changes  related  to  energy  are  fully  incorporated  in  the  other  processes 
then  little  action  should  be  required  in  the  PPBE  process.  In  practice,  however, 
PPBE  provides  a  vehicle  to  address  situations  in  which  cost  or  requirements  asso¬ 
ciated  with  energy  may  not  have  been  fully  captured  in  the  other  processes.  In  a 
resource-constrained  environment,  it  may  also  be  necessary  to  use  the  PPBE 
process  to  prioritize  among  competing  needs. 

To  ensure  the  full  integration  of  energy  considerations  in  DoD  corporate  proc¬ 
esses,  DoD  leadership  could  leverage  the  PPBE  process  to  do  the  following: 

♦  Prioritize  among  competing  requirements  to  ensure  adequate  funding  for 
R&D  and  procurement  of  energy-efficient  solutions  and,  if  required,  alter¬ 
native  energy  sources.  This  is  consistent  with  the  highly  successful  “offset 
strategy”  used  in  the  late  1970s  to  develop  stealth,  precision  strike,  and 
tactical  intelligence,  surveillance,  and  reconnaissance. 

♦  Improve  incentives  for  energy  efficiency  investment. 

>  Require  services  to  allocate  the  costs  of  energy  and  energy  support  re¬ 
quirements  to  the  supported  capability  programs.  This  information 
should  be  provided  to  OSD  with  service  program  and  budget  submis¬ 
sions. 
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>  Develop  formal  ineentive  programs  that  allow  services  to  retain  a  por¬ 
tion  of  the  benefits  from  fuel  efficiency  efforts.  These  incentives  could 
be  applied  at  the  service  and  program  levels,  as  well  as  at  the  operating 
unit  level  (where  they  are  currently,  and  successfully,  applied  in  the 
Navy). 

>  Increase  ECIP  funding  for  services  to  increase  energy  efficiency  and 
examine  the  potential  for  legislative  changes  to  expand  the  ECIP  (or 
create  an  ECIP-like  program)  for  mobility  energy  efficiency. 

>  Work  with  the  Office  of  Management  and  Budget  and  Congress  to  re¬ 
examine  the  decision  not  to  allow  DoD  to  enter  into  ESPCs  for  mobil¬ 
ity  (nonbuilding)  applications.  Increased  use  of  ESPCs  could  allow 
energy  efficiency  investments  to  be  made  without  or  with  less  public 
investment. 

Table  5-6  summarizes  the  advantages  and  disadvantages  of  changing  this  process. 

Table  5-6.  Advantages  and  Disadvantages  of  Change:  PPBE  Process 


Advantages 

Disadvantages 

Funding  of  energy  efficiency  and  aiternative  fuel 
initiatives  could  be  ensured. 

Energy  funding  would  be  aligned  to  capability 
programs  to  improve  incentives  for  energy  effi¬ 
ciency  investment,  reducing  the  potential  for 
suboptimization. 

Service  compliance  with  energy-efficiency  direc¬ 
tives  could  be  ensured. 

Alternative  investment  options  and  incentives 
for  energy  efficiency  could  be  promoted. 

Offsets  may  be  required  in  other  capability 
areas. 

Capturing  full  costs  of  energy  and  energy 
support  requirements  is  difficult. 

Mobility  energy  savings  may  be  difficult  to 
capture  for  ESPCs. 

Metrics  for  mobility  energy  efficiency  may  be 
difficult  to  establish. 

No  means  exists  of  valuing  alternative  fuels 
that  promote  independence  but  are  more 
costly  than  petroleum. 

Options  for  Governance  Change 


Although  DoD  can  articulate  an  overarching  energy  strategy  and  can  change  its 
processes  to  better  address  energy  considerations — how  DoD  views,  values,  and 
uses  energy — a  unified  energy  governance  structure  will  be  essential  to  fully 
implement  the  changes,  to  coordinate  DoD  and  service  actions,  and  to  enforce 
compliance.  Without  such  a  structure,  the  effectiveness  of  the  process  changes 
may  be  constrained.  Eor  example,  in  Chapter  6,  we  note  that  DoD’s  energy- 
related  R&D  is  not  well  focused  and  that  an  OSD-level  integrating  body  for  en¬ 
ergy  security  could  enhance  the  effectiveness  of  DoD  energy  investments. 
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The  concept  of  establishing  a  unified  energy  governance  structure  is  not  new  to 
DoD.  The  DoD  Energy  Policy  Council  (DEPC)  was  established  in  1985  “to  pro¬ 
vide  for  coordinated  review  of  DoD  energy  policies,  issues,  systems,  and  pro¬ 
grams.  . .  [and  provide]  a  cross-feed  of  information  between  Military  Department 
Energy  Offices.”  Although  the  directive  establishing  the  DEPC  is  in  effect,  the 
DEPC  does  not  meet,  and  its  organization  is  outdated. 

EMI  recommends  that  DoD  establish  a  new  energy  governance  entity  with  cen¬ 
tralized  authority  over  DoD  energy  policies  and  practices.  The  range  of  authorities 
that  this  centralized  governance  structure  could  be  given  is  wide,  as  are  the  op¬ 
tions  for  its  configuration  and  composition.  We  started  our  analysis  of  options  for 
a  DoD  energy  governance  entity  by  addressing  the  following  normative  questions: 

♦  Should  the  entity’s  purview  include  energy  strategy  and  policy  authority, 
as  well  as  the  ability  to  integrate  its  decisions  into  the  relevant  decision¬ 
making  processes?  Similarly,  should  it  have  insight  into  planning  and 
analysis  to  inform  policy  refinement? 

♦  Should  it  have  authority  across  corporate  processes?  This  authority  could 
effectively  incorporate  energy  efficiency  considerations-including  non¬ 
platform  efficiency  solutions — into  the  acquisition  process  and  across 
DOTMEPE.  In  addition,  the  entity  could  generate  and  oversee  strategic 
energy  investment  and  synchronize  R&D  projects. 

♦  Should  the  entity  coordinate  and  stimulate  information  sharing  with  inter¬ 
agency  partners  such  as  DOE,  the  Department  of  Commerce,  and  the  De¬ 
partment  of  Homeland  Security? 

♦  Would  a  single  leader  or  committee  structure  be  the  more  effective  struc¬ 
ture?  If  it  is  the  latter,  would  a  single  committee — or  committees  for  each 
business  process  represented — be  the  preferred  solution? 

An  energy  governance  entity  with  the  full  spectrum  of  authorities  would  be  able 
to  incorporate  its  policies  into  the  department’s  business  and  analytical  processes, 
influence  capability  development  and  procurement,  and  direct  R&D  funds  to  the 
technologies  that  can  best  ensure  energy  security  in  the  future.  However,  a  struc¬ 
ture  with  different  qualities  may  be  more  politically  feasible  (implementable). 
Clearly,  the  degree  of  authority  and  the  resources  granted  to  this  new  entity  are 
important  considerations  that  will  be  driven  by  DoD  leadership’s  sense  of  urgency 
in  changing  energy  consumption. 

After  considering  the  normative  questions,  EMI  developed  six  potential  courses 
of  action  (CO  As):  one  CO  A  that  maintains  the  baseline  governance  structure  (in 
other  words,  only  processes  would  be  changed),  three  single-leader  COAs,  and 


^  DoD  Instruction  5126.47,  December  2,  1985,  http://www.dtic.mil/whs/directives/corres/ 
pdf/i512647_120285/i5 12647p.pdf,  accessed  February  2,  2007. 
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two  COAs  that  employ  a  committee  structure.  We  further  differentiated  these  op¬ 
tions  by  the  spectrum  of  authorities  they  are  granted,  consisting  of 


♦  authority  to  create,  update,  and  integrate  policy; 

♦  authority  to  oversee  or  directly  allocate  resources; 

♦  execution  authority  over  R&D  and  acquisition  programs;  and 

♦  authority  to  procure  weapon  systems,  equipment,  and  necessary  support 
for  operations. 

Table  5-7  lists  the  six  COAs,  shows  their  authorities,  and  identifies  organizations 
with  similar  structures. 

Table  5-7.  COAs  for  Governance 


Course  of  action 

Authority 

Example 

organization 

Policy 

Resource 

R&D  and 
acquisition 

Operational 

COA  0:  Process  changes  only 

COA  1:  Single  leader  with  full 
spectrum  of  authority 

SOCOM 

COA  2:  Single  leader  with  resource/ 
acquisition  control 

NR 

JiEDDO 

MDA^ 

COA  3:  Single  leader  with  policy  authority 

ONDCP 

COA  4:  Empowered  committee 

DAB 

JROC 

COA  5:  Governance  committee 

EPC 

Notes:  DAB  =  Defense  Acquisition  Board,  EPC  =  Energy  Policy  Council,  JIEDDO  =  Joint  Improvised  Explosive 
Device  Defeat  Organization,  JROC  =  Joint  Requirements  Oversight  Council,  MDA  =  Missile  Defense  Agency,  NR  = 
Naval  Reactors,  ONDCP  =  Office  of  National  Drug  Control  Policy,  and  SOCOM  =  Special  Operations  Command. 

^  R&D  but  not  acquisition. 


COA  0  is  a  baseline  organizational  model.  This  model  assumes  implementation  of 
process  changes  without  altering  DoD’s  energy  governance  structure.  These  proc¬ 
ess  changes  may  include  (1)  creating  visibility  in  all  business  processes  to  meet 
strategic,  operational,  or  fiscal  needs;  (2)  establishing  metrics,  goals,  and  report¬ 
ing  requirements  for  DoD  energy-efficiency  efforts  for  mobility  as  well  as  for  fa¬ 
cility  uses;  (3)  requiring  use  of  fully  burdened  energy  costs  in  cost  estimates;  and 
(4)  establishing  KPPs  for  energy  efficiency. 

COAs  1  through  5  require  changes  to  DoD’s  governance  structure: 

♦  Single  leader  with  full  spectrum  of  authority  (COA  1).  Similar  to  authori¬ 
ties  granted  to  the  Special  Operations  Command  (SOCOM)  for 
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management  of  Major  Foree  Program  1 1,  a  single  leader  under  this  CO  A 
would  report  to  the  Seeretary  of  Defense  and  have  funding  authority  for 
poliey  development,  R&D,  and  aequisition  of  materials  and  serviees  and 
for  the  operational  employment  of  these  eapabilities. 

♦  Single  leader  with  resource/acquisition  authority  (CO A  2).  Under  this 
COA,  the  leader  would  report  to  the  Seeretary  of  Defense  or  designated 
subordinate  with  input  from  serviee  points  of  eontaet  (POCs)  and  would 
have  policy  development,  R&D,  and  acquisition  execution  authority.  The 
leader  may  also  have  streamlined  acquisition  authority  in  which  acquisi¬ 
tions  are  fast-tracked  through  the  JCIDS  process.  The  Naval  Reactors  or¬ 
ganization  is  a  special  case  in  that  it  has  a  co-equal,  parallel  organization 
within  DOE  with  the  same  leader  assigned  to  both  organizations.  The  Mis¬ 
sile  Defense  Agency  is  a  different  special  case  in  that  it  has  R&D  but  not 
traditional  program  acquisition  authority. 

♦  Single  leader  with  policy  authority  (COA  2).  The  leader  under  this  COA 
would  have  policy  development  authority,  including  the  evaluation  and 
coordination  of  DoD-wide  energy  security  efforts. 

♦  Empowered  committee  (COA  4).  This  COA  would  establish  a  committee 
with  energy  policy  development  and  oversight  authority.  The  oversight  au¬ 
thority  would  include  coordination  of  resource  allocation  for  energy- 
related  R&D,  PPBE  decisions,  and  participation  in  the  Defense  Acquisi¬ 
tion  Board’s  process  for  Major  Defense  Acquisition  Programs  that  would 
have  potentially  significant  impacts  on  DoD’s  energy  consumption  profile 
and  support  requirements. 

♦  Governance  committee  (COA  5).  Under  this  COA,  the  committee  would 
have  policy  development  authority,  including  the  evaluation  and  coordina¬ 
tion  of  DoD-wide  energy  security  efforts.  This  committee  could  be  similar 
to  a  revitalized  DEPC  but  with  broader  influence  over  mobility  energy  and 
energy  strategy. 

After  an  initial  assessment  of  the  COAs,  we  eliminated  COA  1  from  further 
analysis  because  we  determined  that  the  scope  of  authorities  assigned  to  a 
SOCOM-like  organization  is  too  broad  to  warrant  consideration  for  a  DoD  energy 
governance  organization.  The  authority  to  conduct  operations  is  delegated  to 
combatant  commanders,  including  SOCOM  for  some  missions.  While  securing  or 
maintaining  access  to  energy  resources  is  a  legitimate  national  security  objective, 
the  authority  to  execute  such  operations  cannot  reasonably  be  delegated  to  an  en¬ 
ergy  governance  entity. 

Although  COA  0  violates  the  central  tenet  of  establishing  a  DoD  energy  govern¬ 
ance  structure,  we  chose  to  keep  it  because  it  still  may  have  value  as  a  short-term 
option  as  DoD  prepares  to  transition  into  a  new  governance  structure.  We  then 
evaluated  the  baseline  (COA  0)  and  the  remaining  four  COAs,  which  we  believe 
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are  realistically  implementable  based  on  evaluation  criteria  drawn  from  a  litera¬ 
ture  review  and  expert  judgment.  Table  5-8  lists  the  five  criteria  we  developed, 
along  with  detailed  considerations  for  each  one. 

Table  5-8.  Criteria  for  Evaluation 


Criterion 

Considerations 

impiementability 

Will  the  structure  be  easy  to  implement? 

Is  it  politically  feasible? 

What  is  the  magnitude  of  change  required? 

Efficiency 

Are  lines  of  authority  clear? 

Will  the  structure  promote  efficient  decision-making  practices? 

Will  it  build  momentum  from  Day  1? 

Effectiveness 

Will  it  generate  cost  savings/avoidance? 

Will  the  structure  have  a  positive  impact  on  operations  and  readiness? 

Will  it  provide  insight  into  planning  and  analysis  to  inform  policy  updates 
and  refinement? 

Will  the  structure  have  authority  across  business  processes  and 

DOTMLPF? 

Will  it  be  able  to  focus  on  a  key  set  of  priorities  and  generate  results  in  a 
relatively  short  period? 

Promotion  of  joint 
and  interagency 
collaboration 

Can  the  structure  support  joint  and  service-unique  requirements? 

Will  it  promote  interoperable  and  interdependent  processes,  common 
standards,  and  resource  sharing? 

Will  it  be  able  to  stimulate  and  coordinate  with  interagency  partners  such 
as  DOE,  Department  of  Commerce,  and  Department  of  Homeland  Secu¬ 
rity? 

Will  it  involve  services  and  agencies  to  obtain  their  ideas  and  gain  owner¬ 
ship? 

Promotion  of 
cultural  change 

Will  the  structure  be  able  to  establish  a  coherent  mission  and  broadly  un¬ 
derstood  and  accepted  goals? 

Will  it  be  able  to  develop  a  communication  strategy  to  create  shared  ex¬ 
pectations? 

Will  it  support  top  leadership  and  drive  transformation  and  culture  change? 

Next,  we  identified  advantages  and  disadvantages  for  each  criterion.  Table  5-9 
lists  them. 
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Table  5-9.  Advantages  and  Disadvantages  of  Each  Criterion,  by  COA 


COA 

Advantages 

Disadvantages 

Implementability 

0 

♦  it  is  the  least  disruptive. 

♦  Process  changes  may  facilitate  later  structural 
changes. 

♦  Transformation  proponents  may  oppose  this  op¬ 
tion  as  being  insufficient. 

2 

♦  Transition  to  a  single  leader  would  be  less  disrup¬ 
tive  than  transition  to  a  committee. 

♦  Many  well-functioning  organizations  with  a  similar 
structure  exist. 

♦  R&D  and  acquisition  execution  authority  may  be 
viewed  as  a  loss  of  service  resources  and  pre¬ 
rogative. 

♦  Parties  dissatisfied  with  similar  organizations  may 
oppose  this  option. 

3 

♦  Transition  to  a  single  leader  would  be  less  disrup¬ 
tive  transition  to  a  committee. 

♦  Limiting  authorities  to  oversight  and  policy  crea¬ 
tion  may  make  this  option  more  palatable  than 
others. 

♦  Those  who  view  policy-only  organizations  as  inef¬ 
fective  may  oppose  this  option. 

■ 

♦  Shared  governance  may  increase  buy-in. 

♦  Support  and  coordination  of  all  committee  mem¬ 
bers  is  required. 

1 

♦  Limiting  authorities  to  oversight  and  policy  crea¬ 
tion  may  make  this  option  more  palatable  than 
others. 

♦  Shared  governance  may  increase  buy-in. 

♦  Support  and  coordination  of  all  committee  mem¬ 
bers  is  required. 

♦  Those  who  view  policy-only  organizations  as  inef¬ 
fective  may  oppose  this  option. 

Efficiency 

0 

♦  Results  will  be  realized  quickly. 

♦  “Big  moves”  may  reduce  the  level  of  disruption  in 
the  long  term. 

♦  Decentralized  decision  making  leads  to  ineffi¬ 
ciencies. 

2 

♦  Lines  of  authority  will  be  clear. 

♦  A  single  leader  can  make  decisions  without 
lengthy  consultations. 

♦  This  option  may  be  slow  to  implement  and  gain 
support. 

3 

♦  A  single  leader  can  make  decisions  without 
lengthy  consultations. 

♦  Limited  authority  may  lengthen  time  to  realize 
change. 

4 

♦  Ability  to  divide  responsibilities  among  members 
may  streamline  processes. 

♦  Because  multiple  parties  are  involved,  the  deci¬ 
sion-making  process  may  be  protracted. 

5 

♦  Ability  to  divide  responsibilities  among  members 
may  streamline  processes. 

♦  Limited  authority  may  lengthen  time  to  realize 
change. 

♦  Because  multiple  parties  are  involved,  the  deci¬ 
sion-making  process  may  be  protracted. 
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Table  5-9.  Advantages  and  Disadvantages  of  Each  Criterion,  by  COA 


COA 

Advantages 

Disadvantages 

Effectiveness 

0 

♦  The  focus  is  on  changing  business  ruies  and 
processes  rather  than  on  organizational  up¬ 
heaval. 

♦  Quick  successes  may  bolster  support  for  addi¬ 
tional  transformation. 

♦  Significant  cost  savings  or  change  may  not  be 
generated. 

♦  Misalignment/overlap  of  R&D  will  continue. 

♦  Effectiveness  in  generating  mobility  energy  effi¬ 
ciency  over  past  20  years  has  been  limited. 

♦  Near-term  changes  are  unlikely  to  be  imple¬ 
mented. 

2 

♦  Significant  authority  may  lead  to  greatest  influ¬ 
ence  and  to  cost  savings  or  avoidance. 

♦  Potential  for  standardization  of  practices  is  great¬ 
est  for  this  option. 

♦  Small  organizational  structure  may  lead  to  man¬ 
power  savings. 

♦  Near-term  changes  may  be  easier  to  implement. 

♦  Without  active  involvement,  services/agencies 
may  feel  alienated  from  the  process. 

♦  Services  may  resist  adopting  capabilities  devel¬ 
oped  without  buy-in. 

3 

♦  Small  organizational  structure  may  lead  to  man¬ 
power  savings. 

♦  Limited  authority  makes  it  difficult  to  fully  align 
resources  with  needs. 

♦  Without  active  involvement,  services/agencies 
may  feel  alienated  from  the  process. 

♦  Control  of  R&D/acquisition  execution  is  frag¬ 
mented. 

♦  Ability  to  effect  near-term  change  is  limited. 

4 

♦  Decisions  require  continuity  of  opinion  and  un¬ 
derstanding,  increasing  the  likelihood  of  imple¬ 
mentation. 

♦  Near-term  changes  may  be  easier  to  implement. 

♦  Control  of  R&D/acquisition  execution  is  frag¬ 
mented. 

5 

♦  Decisions  require  continuity  of  opinion  and  un¬ 
derstanding,  increasing  the  likelihood  of  imple¬ 
mentation. 

♦  Limited  authority  makes  it  difficult  to  fully  align 
resources  with  needs. 

♦  Control  of  R&D/acquisition  execution  is  frag¬ 
mented. 

♦  Ability  to  effect  near-term  change  is  limited. 
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DoD  Corporate  Options  for  Change 


Table  5-9.  Advantages  and  Disadvantages  of  Each  Criterion,  by  COA 


COA 

Advantages 

Disadvantages 

Promotion  of  Joint  and  Interagency  Collaboration 

0 

♦  Existing  collaborative  projects  will  not  be  inter¬ 
rupted. 

♦  Potential  for  increased  collaboration  is  limited. 

♦  Control  over  R&D  and  acquisition  may  promote 
service  and  agency  collaboration. 

♦  Services  may  feel  marginalized  if  not  involved. 

♦  Current  owners  of  resources  may  resent  loss  of 
influence. 

♦  If  leader  works  closely  with  service/agency 

POCs,  potential  for  collaboration/jointness  is  en¬ 
hanced. 

♦  Services  may  feel  marginalized  if  not  involved. 

4 

♦  Committee  structure  may  promote  sharing  of  re¬ 
sources. 

♦  Group  knowledge  sharing  may  increase  under¬ 
standing  of  service/joint  requirements. 

♦  Potential  for  inter-entity  buy-in  is  increased. 

♦  Consensus  may  lead  to  better  or  quicker  sociali¬ 
zation  of  changes. 

♦  Service  parochialism  may  affect  decision  making. 

♦  Gaining  consensus  of  a  committee  may  slow  abil¬ 
ity  to  take  action. 

5 

♦  Committee  structure  may  promote  sharing  of  re¬ 
sources. 

♦  Group  knowledge  sharing  may  increase  under¬ 
standing  of  service/joint  requirements. 

♦  Potential  for  inter-entity  buy-in  is  increased. 

♦  Consensus  may  lead  to  better  or  quicker  sociali¬ 
zation  of  changes. 

♦  Service  parochialism  may  affect  decision  making. 

♦  Gaining  consensus  of  a  committee  may  slow  abil¬ 
ity  to  take  action. 

Promotion  of  Cultural  Change 

0 

♦  Quick  successes  may  increase  willingness  to 
change. 

♦  Mission  and  goals  are  not  uniform. 

♦  Communication  among  parties  is  insufficient. 

1 

♦  Potential  for  development  of  uniform  policies  and 
practices  and  a  consistent  mission  is  greatest. 

♦  Some  may  be  hesitant  to  support  the  transition  of 
so  much  authority  to  a  single  leader. 

♦  Lack  of  service  ownership  may  limit  change  ef¬ 
fectiveness. 

H 

♦  Policy  change  and  strategy  development  may 
drive  cultural  change. 

♦  Limited  authority  may  inhibit  ability  to  promote 
cultural  change  through  goal  enforcement. 

♦  Consensus  structure  may  promote  coincident 
changes  in  attitudes  and  approaches. 

♦  Service  parochialism  may  affect  decision  making. 

1 

♦  Consensus  structure  may  promote  coincident 
changes  in  attitudes  and  approaches. 

♦  Limited  authority  may  inhibit  ability  to  promote 
cultural  change  through  goal  enforcement. 

♦  Service  parochialism  may  affect  decision  making. 

Our  analysis  indicates  that,  although  implementing  process  ehanges  alone 
(COA  0)  may  be  a  desirable  interim  step,  DoD  needs  a  unified  energy 
goveranance  strueture  if  it  is  to  effectively  implement  significant  changes  to  its 
energy  strategy.  Our  analysis  framework  provides  a  construct  by  which  that 
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goverance  structure  can  be  selected.  The  department  may  consider  condueting  a 
formal  and  thorough  decision  analysis  exercise  to  select  a  COA.  For  instance,  us¬ 
ing  a  pair-wise  comparison  method,  DoD  could  weight  the  criteria  to  accurately 
factor  in  their  relative  importanee.  The  COAs  then  could  be  ranked  in  relative 
terms  according  to  each  criterion,  resulting  in  a  raw  score  that  can  be  used  to  as¬ 
sign  an  order  of  preference  to  the  COAs. 

After  a  review  of  the  many  factors  involved,  our  prima  facie  recommendation  is 
to  use  a  single  leader  with  resource/acquisition  authority  (COA  2)  or  an 
empowered  committee  structure  (COA  4).  Unlike  COA  3,  both  COA  2  and  COA 
4  include  the  authority  to  oversee  or  directly  allocate  resources,  which  greatly 
increases  their  potential  to  successfully  initiate  and  enforce  an  energy 
transformation.  Forced  to  ehoose  between  COA  2  and  COA  4,  we  believe  the 
importance  of  cooperation  among  DoD  components  suggests  that  the  empowered 
committee  would  be  the  more  effeetive. 

If  DoD  believes  that  a  fundamental  realignment  of  how  energy  is  viewed  as  a 
matter  of  urgency,  COAs  3  and  5  are  less  desirable  than  COAs  2  and  4.  If  not, 
COA  5  may  be  marginally  preferred  over  COA  3  because  of  the  history  of  success 
of  a  similar  energy  governance  structure  on  the  installation  side.  However,  with¬ 
out  the  formal  ability  to  influence  resourcing  decisions,  this  COA  would  have 
limited  impact  on  energy  transformation  on  the  markedly  more  complex  opera¬ 
tional  side. 

Regardless  of  the  COA  selected,  DoD,  before  implementing  a  governance  struc¬ 
ture,  must  consider  a  number  of  additional  questions  regarding  participants  and 
resourcing.  These  questions  include  the  following; 

♦  Whieh  organization  should  lead,  either  as  a  single  leader  or  eommittee 
chair?  USD(AT&L),  USD(Policy),  or  the  Office  of  the  Director,  PA&E 
are  possible  choices  for  this  responsibility.  Commander,  U.S. 
Transportation  Command,  has  also  been  raised  as  a  possiblity  because  of 
his  role  as  the  distribution  process  owner. 

♦  If  a  committee  structure  is  selected,  what  is  its  proper  composition? 

♦  Should  service  representatives  be  uniformed  service  members  or  eivilian 
leadership?  Service  acquisition  executives  may  be  more  familiar  with  the 
aequistion  and  proeurement  issues  involved,  while  uniformed  service 
members  may  have  closer  ties  with,  and  greater  influence  over,  their 
respective  services. 

♦  How  should  the  governance  structure  be  resourced?  Any  committee  will 
require  a  core  staff  and  analytieal  resources,  otherwise  it  is  beholden  to  the 
other  stakeholders,  whieh  ultimately  reduces  its  effectiveness.  A  single 
leader  will  also  require  support  staff. 
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Chapter  6 

Energy  Technology  and  Options  for  Change 


To  effectively  plan  for  the  future  in  a  world  with  increasingly  scarce  low-cost  fos¬ 
sil  fuel  energy  resources,  DoD  must  leverage  technology  to  facilitate  improve¬ 
ments  in  fuel  energy  efficiency.  Demand  reduction  measures,  combined  with 
alternative  sources  of  energy,  including  alternative  fuels,  offer  many  possibilities 
for  reducing  DoD’s  dependence  on  traditional  energy  sources  and  the  associated 
logistics  support  requirements. 

We  used  a  variety  of  research  techniques  to  survey  the  energy  technology  land¬ 
scape.  From  this  research,  we  can  make  some  high-level  observations  concerning 
research  efforts,  technology  development,  and  applicability.  We  can  also  begin  to 
identify  those  that  might  offer  the  most  promise  to  help  reduce  DoD’s  energy  de¬ 
pendence  when  evaluated  through  the  Organize/Engineer/Invent  framework  in  the 
context  of  a  specific  energy  challenge.'  Finally,  we  provide  some  sample  applica¬ 
tions  of  the  framework  to  some  specific  energy  challenges. 

Research  Observations 


Our  key  observations  are  as  follows: 

♦  Research  is  diverse  and  not  well  focused. 

♦  DoD  research  investment  is  demand-side  focused. 

♦  Multiple  solutions  will  likely  be  required  to  significantly  reduce  traditional 
energy  dependence. 

♦  Technologies  with  a  multiplier  effect  may  significantly  reduce  logistics 
and  other  support  costs. 

>  Unmanned  vehicles  offer  significant  opportunities. 

>  Better  information  management  could  be  as  significant  as  energy- 
directed  technologies. 

The  following  subsections  expand  on  our  observations. 


*  Our  research  included  web  searches,  informal  interviews,  consultation  with  experts,  review 
of  briefings  (from  various  studies,  meetings,  forums,  etc.),  and  a  literature  review. 
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Diverse,  Unfocused  Research 

Numerous  federal  (primarily  DoD  and  DOE)  and  eommercial  energy  R&D  efforts 
are  underway.  These  efforts,  whieh  are  at  various  stages  of  maturity,  represent  a 
large,  varied  portfolio,  but  their  direetion  and  funding — at  least  in  DoD — are  un- 
eoordinated  and  not  integrated  with  an  energy-effieient  future  operational  eon- 
cept.  A  primary  reason  for  this  laek  of  strategie  planning  regarding  energy-related 
R&D  may  be  the  absence  of  a  central  group  in  DoD  that  can  assist  the  Secretary 
of  Defense  with  developing  a  holistic  energy  strategy,  making  energy-related  de¬ 
cisions  on  the  basis  of  solid  business  practices,  initiating  DoD-wide  directives, 
and  coordinating  the  flow  of  resources  to  the  most  critical  technologies  required 
to  realize  energy-efficient  operations. 

Although  the  fixed  installation  side  of  DoD,  through  the  DUSD(I&E),  has  an  en¬ 
ergy  plan  and  monitors  its  success,  DoD’s  operational  side — ^where  two-thirds  of 
its  energy  is  consumed — does  not  have  a  strategic  plan  with  short-  and  long-term 
goals,  metrics,  and  milestones.  Although  E1SD(AT&E)  owns  the  functions  most 
often  associated  with  energy  planning — infrastructure  and  environment,  logistics 
management  review,  and  defense  research  and  engineering — the  doctrinal,  organ¬ 
izational,  policy,  and  resource  issues  cut  across  the  organization. 

DoD  has  created  an  ad  hoc  body,  the  Energy  Security  Integrated  Project  Team 
(IPT),  to  study  the  energy  issue.  The  IPT  has  recommended  creation  of  an  Alter¬ 
native  Euels  Task  Eorce  with  some  of  the  integrating  responsibilities  listed  above, 
but  questions  remain  regarding  the  lifespan  of  the  body  and  its  staffing  and  fund¬ 
ing  sources. 

Demand-Side  Focus  of  DoD  Research 

The  technology  portfolio  is  diverse,  but  most  of  the  known  dollar  investment  in 
R&D  is  focused  on  demand-side  opportunities.  This  is  a  natural  bias,  because 
DoD  is  a  platform-centric  organization;  that  is,  its  acquisition  and  planning  is 
based  on  weapon  system  development  and  support.  In  fact,  a  number  of  supply- 
side  technologies  are  being  sponsored  by  industry  and  other  government  agencies. 
Many  energy  policy  practitioners  assert  that  the  private  sector  and  DOE  are  best 
positioned  to  sponsor  supply-side  energy  development  and  question  DoD’s  role 
on  supply-side  development. 

Although  this  division  between  government  and  commercial  sources  may  repre¬ 
sent  the  best  model  for  advancing  the  consideration  of  alternative  energy  solu¬ 
tions,  DoD  could  take  a  more  global  perspective  in  integrating  energy  and 
operations,  trying  to  fdl  the  gaps  by  leveraging  supply-side  technologies.  One 
area  in  which  additional  DoD  involvement  is  clearly  appropriate  is  the  develop¬ 
ment  of  what  we  call  “cross-cutting”  technologies,  technologies  that  can  supply 
power  at  the  local  level  and  reduce  the  demand  for  bulk  energy  supplies  and  the 
associated  logistics  burden. 
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Energy  Technology  and  Options  for  Change 


Given  that  DoD’s  projected  fuel  needs  can  be  met  with  conventional  domestic 
petroleum  production,^  DoD  leadership  in  the  development  of  alternate  liquid  fuel 
production  involves  a  national-level  policy  decision  regarding  the  appropriateness 
of  DoD’s  role  as  a  change  leader. 

At  a  minimum,  DoD  should  participate  in  supply-side  technology  development  to 
the  extent  necessary  to  ensure  that  developed  products  can  be  applied  to  DoD  uses 
with  little,  if  any,  additional  modification.  And,  in  view  of  the  range  of  alterna¬ 
tives  to  provide  liquid  fuels  being  pursued  by  DOE  and  the  commercial  sector, 
DoD  should  be  mindful  of  the  risk  of  foreclosing  future  options  by  supporting 
capital-intensive  programs  that  might  then  preclude  the  later  development  of  solu¬ 
tions  with  higher  source  to  use  energy  efficiency  and  reduced  environmental  im¬ 
pact. 

Requirement  for  Multiple  Solutions  to  Energy  Dependence 

The  change  associated  with  moving  away  from  conventional  oil-derived  fuels  is 
evolutionary,  rather  than  revolutionary.  The  energy  density  of  current  fuels  makes 
them  difficult  to  replace  within  the  life  span  of  current  platforms.  Most  technolo¬ 
gies  associated  with  the  Energy  Security  IPT  effort  offer  demand-side  savings, 
which  are  valuable  but  will  only  provide  savings  incrementally  as  they  are  intro¬ 
duced  to  the  force  over  time. 

The  life  expectancies — often  decades — of  DoD  systems  increase  the  importance 
of  addressing  the  energy  demands  of  legacy  platforms  and  ensuring  that  energy 
considerations  are  properly  factored  into  the  design  of  new  capabilities  and  re¬ 
placement  capabilities  for  those  platforms  reaching  the  end  of  their  service  life. 

The  Multiplier  Effect 

As  new  technologies  are  considered,  they  need  to  be  evaluated,  not  only  for  their 
operational  effectiveness  and  energy  efficiency,  but  for  their  multiplier  effect, 
which  occurs  when  the  direct  or  indirect  consequences  of  an  action  magnify  its 
effect.  In  this  context,  a  technology  has  a  multiplier  effect  if  it  reduces  fuel  con¬ 
sumption  and,  in  doing  so,  causes  additional  reduction  in  the  total  burden  of  pro¬ 
viding  fuel.  Eor  instance,  delivering  fuel  in  the  deployed  setting  requires  a  long 
and  energy-intensive  logistics  tail.  When  a  technology  reduces  fuel  consumption 
at  the  front  end,  the  demands  placed  on  the  entire  logistics  tail  decrease,  resulting 
in  savings  beyond  just  the  fuel  acquisition  costs.  Technologies  that  may  have 
high  payoff  due  to  the  multiplier  effect  should  be  given  strong  consideration  for 
implementation.  New  operational  concepts  can  also  serve  to  focus  technology 

^  P.  Dimotakis,  N.  Lewis,  R.  Grober,  and  others,  Reducing  DoD  Fossil-Fuel  Dependence, 
JSR-060135  (MeLean,  VA:  JASON  Program  Offiee,  MITRE,  2006). 

^  The  value  of  these  savings  ean  be  signifieant.  The  2006  JASON  report  ealeulates  a  fuel  de¬ 
livery  eost  of  $20  to  $25  per  gallon  for  air-air  refueling  and  a  eost  of  $100  to  $600  per  gallon  for 
fuel  delivered  to  troops  in  forward  areas.  For  effieieneies  that  do  not  result  in  a  reduetion  of  the  air 
refueling  infrastmeture,  the  savings  ean  still  be  up  to  3.3  times  the  saved  fuel  eost. 
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development  on  capabilities  that  may  have  high  payoff  via  a  multiplier  effect,  par¬ 
ticularly  if  they  can  reduce  the  deployed  forces  required  to  accomplish  an  opera¬ 
tion. 

Unmanned  Vehicles 

Unmanned  vehicles  offer  significant  opportunities  to  reduce  energy  dependence 
because  of  the  multiplier  effect.  Because  they  do  not  have  to  carry  humans  (and 
the  associated  protection  and  life  support  equipment),  they  can  be  much  lighter, 
require  less  fuel  to  support  or  have  longer  on-station  capability  (or  both).  They 
also  offer  cost  savings  that  can  be  used  to  invest  in  additional  capability.  For  sur¬ 
veillance  platforms,  the  increased  surveillance  capability  results  in  greater  preci¬ 
sion  of  battle  space  information,  decreasing  the  number  of  troops,  manned 
aircraft,  or  ships  needed  to  localize  a  target.  That,  in  turn,  results  in  reduced  fuel 
use  and  support  requirements.  Realizing  opportunity  from  unmanned  vehicles  re¬ 
quires  resisting  the  temptation  to  increase  capability  without  considering  the  im¬ 
pact  on  cost  and  quantity,  which  may  reduce  the  commander’s  risk  tolerance, 
negating  some  of  the  operational  benefit. 

Information  Management 

Better  information  management  is  generally  considered  an  enabler,  but  we  are 
unaware  of  any  “holistic”  netting  of  information  to  make  energy  one  of  the  key 
parameters.  Current  operational  and  logistics  systems  are  not  optimally  linked. 

We  discuss  information  management  and  the  specific  initiatives  to  transform  air 
traffic  control  practices  in  Appendix  D,  but  other  opportunities  to  link  planning 
and  execution  data  to  conserve  resources  (and  ultimately  fuel)  are  likely  available. 
A  recent  workshop  at  the  Defense  Advanced  Research  Projects  Agency  (DARPA) 
and  a  Naval  Research  Advisory  Committee  (NRAC)  study  indicate  that  as  DoD 
continues  to  merge  and  manage  net-centric  opportunities,  it  may  be  able  to  gener¬ 
ate  energy  savings  through  better  management  and  use  of  data  in  real  time  or  near 
real  time."^ 

The  DARPA  workshop  noted  potential  energy  savings  through  (1)  developing 
extra-theater  stand-off  capabilities  with  increased  telecommuting  ability  and  im¬ 
proved  satellite  systems,  (2)  ensuring  universal  connectivity  and  increasing  mod¬ 
eling  and  simulation  to  increase  the  ability  to  process  and  synthesize  information 
and  provide  better  streamlined  and  efficient  supply/demand  needs,  and  (3)  using  a 
theater-wide  networking  and  modern  telecommunication  technology  to  provide 
information  to  those  needing  it. 


Naval  Research  Advisory  Committee,  “Future  Fuels”  (presentation,  October  4,  2005)  and  in¬ 
formation  provided  by  Dr.  Rosemarie  Szostak,  Program  Manager,  DARPA,  workshop  coordina¬ 
tor. 
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The  NRAC  study — commissioned  in  response  to  a  challenge  from  Marine  Corps 
Lt.  Gen.  James  Mattis  to  “unleash  us  from  the  tether  of  fuel” — ^proposed  to  “un¬ 
tangle”  the  tether  through  a  system  of  dynamic  fuel  management.  It  recommends 

the  development  of  sensor  and  communications  systems,  along  with  re¬ 
source  allocation  tools  to  enable  operational  commanders  to  manage  fuel 
allocation  and  re-supply  in  real  time  during  combat  operations.  Timely 
delivery  of  fuel  is  essential  to  maintaining  operational  tempo.  Fuel  man¬ 
agement  during  combat  operations  can  include:  location  and  fuel  status 
of  vehicles,  ability  to  dynamically  relocate  fuel  assets  to  areas  of  high 
need,  etc. 

Through  the  development  of  more  robust  and  linked  information  systems,  DoD 
could  ensure  the  optimization  of  the  supply  chain,  with  resultant  energy  efficien¬ 
cies  and  savings.  If  DoD  had  had  better-linked  modeling,  planning,  and  execution 
tools  and  information,  it  may  have  avoided  some  of  the  energy  wasted  in  Opera¬ 
tions  Iraqi  Freedom  and  Enduring  Freedom.  The  current  fragmented  planning  and 
execution  systems  (operational  and  logistics)  have  resulted  in  queues  of  fuel 
trucks  waiting  en  route  and  at  discharge  points.  These  queues  are  the  result  of  a 
combination  of  inadequacies  in  demand  forecasting,  operations  awareness,  and 
facility  readiness.  Not  all  delays  might  have  been  avoided,  but  a  better  level  of 
data  integration  and  use  could  have  reduced  some  of  this  logistics  burden,  not  to 
mention  the  risk  to  the  operators  involved  in  delivering  fuel  in  a  combat  environ¬ 
ment. 

Energy  Technology  Options 


LMI  surveyed  energy  technologies — ^under  study  or  in  development  by  DoD  and 
other  federal  agencies — that  may  facilitate  energy  efficiency  and  renewable  en¬ 
ergy  or  present  opportunities  to  improve  energy  security  for  DoD.  Table  6-1 
summarizes  the  more  promising  technology  options  for  DoD  application,  catego¬ 
rizing  them  in  two  ways:  where  they  fit  in  the  Organize/Engineer/Invent  frame¬ 
work,  and  whether  they  are  related  to  “supply”  (they  replace  fossil  fuels)  or 
“demand”  (they  reduce  consumption  of  fossil  fuels)  or  are  cross-cutting  (they  re¬ 
place  local  supply  and  reduce  the  logistics  burden).  DoD  may  be  able  to  imple¬ 
ment  organizing  and  engineering  opportunities  in  the  near-term  while  inventing 
solutions  that  require  a  longer  time  horizon.  In  general,  we  considered  technolo¬ 
gies  that  will  be  available  for  use  by  DoD  forces  by  2015  as  near  term,  and  tech¬ 
nologies  that  will  be  available  for  use  by  DoD  forces  in  2015  or  later  as  far  term. 
These  time  frames  generally  correspond  to  the  DoD  planning  cycle  of  the  FY08 
Program  Objective  Memorandum,  which  would  include  near-term  technologies. 
Appendix  E  contains  our  full  review  of  these  technologies. 
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Table  6-1.  Energy  Change  Options 


Technology 

Options 

Near  term 

Far  term 

Organize 

Engineer 

Invent 

Supply  (replace  fossil  fuels) 

Synthetic 

fuels 

Coal  and  natural-gas- 
based  fuels  (Fischer- 
T ropsch  process) 

Synthetics  from  renewable 
resources 

Biofuels 

Replacing  conventional 
fuels  with  biofuels,  includ¬ 
ing  biodiesel 

Optimizing  future  applica¬ 
tions  to  run  on  biofuels 

Microalgae  or  other  high- 
energy  biofuels 

Hydrogen 

Hydrogen  combustion 

Fuel-cell  powered  applica¬ 
tions 

Portable  soldier  power 

Nuclear 

power 

Naval  propulsion 

Nuclear  power  sources  for 
synthetic  fuel  production 

Nuclear  power  sources  for 
hydrogen  fuel  production 

Advanced  nuclear  propul¬ 
sion  (reduced  size,  man¬ 
power) 

Geothermal 

energy 

Nontactical  use  in  favor¬ 
able  geographies 

Demand  (reduce  fuel  consumption) 

Engines/ 

turbines 

Auto  shutoff  and  partial 
engine  idling 

Reengineering  of  aircraft 
and  tanks 

Low-emission  diesel 

Low-speed  turbofan  air¬ 
craft  engines 

Low-temperature  combus¬ 
tion  mode  engines 

Materials 

Composites  and  light¬ 
weight  metals  for  aircraft, 
ships,  and  vehicles 

Advanced  lightweight  ar¬ 
mor 

Hybrid  drive 

Hybrid  vehicles 

Advanced  hybrid  systems 

Unmanned 

vehicles 

Increased  use  of  un¬ 
manned  vehicles  in  place 
of  manned  vehicles 

Improved  unmanned  vehi¬ 
cles 

Advanced  autonomous 
unmanned  vehicles 

Aerodynamic 

design/ 

blended-wing 

aircraft 

Aerodynamic  enhance¬ 
ments  to  current  airframes 

Blended-wing  aircraft  de¬ 
signs 

More-electric 

architecture 

Replacing  mechanical  and 
hydraulic  components  with 
electric  for  aircraft,  ships, 
and  ground  vehicles 
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Table  6-1.  Energy  Change  Options 


Technology 

Options 

Near  term 

Far  term 

Organize 

Engineer 

Invent 

Information 

technology/ 

information 

management 

Efficient  scheduling 

Simulators  and  virtual 
training 

Increased  reach-back 

Monitoring  and  control 
systems 

Air  traffic  management 

Control  of  hybrid  systems 

Information  capture  for 
future  improvement 

Low-power 

computing 

System  on  Chip  (SoC) 
technologies 

Power  Aware  Computing 
and  Communication 
(DARPA) 

Cross-cutting  (replace  local  supply  and  reduce  logistics  demand) 

Batteries 

Replacing  primary  with 
secondary  batteries 

Battery  charge  indicators 

Upgrading  batteries  to  best 
available  chemistry 

Next-generation  batteries 

Generators 

More  efficient  battlefield 
generators 

Micro-turbines 

Portable  fuel  cell  battery 
chargers 

Fuel  cells 

Stationary  power 

Ship  service  fuel  cells 

Reforming  JP-8  for  port¬ 
able  power 

Battery-sized  fuel  cells  for 
portable  electronics 

Hydrogen  infrastructure 

Solar 

Solar  collector  installation 

Space-based  solar 

Wind 

Wind  turbine  installation 

Ocean 

energy 

Ocean  thermal  energy 
conversion 

Surface  and  ocean  wave 
energy  harvesting 

Conversion 
of  waste-to- 
energy 

Direct  conversion  of  waste 
to  electricity 

Conversion  to  liquid  fuels 
via  pyrolysis 

Our  assessment  of  the  promising  technology  options  was  also  informed  by  the 
results  of  an  Energy  Technology  Assessment  Workshop,  held  at  LMI  on  January 
24,  2007.  As  a  follow-up  to  this  workshop,  attending  subject  matter  experts 
(SMEs)  ranked  technology  alternatives  based  on  whether  DoD  should  place  them 
as  a  high,  medium,  or  low  priority  for  investment.  (Appendix  E  contains  the  re¬ 
sults  of  this  exercise.)  This  analysis  provided  high-level  insights  from  a  technol¬ 
ogy  perspective,  but  more  detailed  analysis  is  required  to  prioritize  solutions  from 
an  implementation  perspective. 
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Below,  we  present  sample  applieations  of  the  Organize/Engineer/Invent  frame¬ 
work  detailed  in  Chapter  3  to  address  speeifie  energy-effieieney  ehallenges.  For 
eaeh  of  these  examples,  we  list  viable  teehnology  options  that,  together,  represent 
potential  solution  sets  for  addressing  DoD’s  energy  diseonneets.  The  examples 
are  as  follows: 

♦  Example  1 — Greatest  Use  Challenge:  Aircraft  Fuel  Consumption.  One  of 
the  most  important  mobility  fuel  eonservation  opportunities  is  the  redue- 
tion  of  aviation  fuel  for  taetieal  and  mobility  aireraft.  A  solution  set  of  vi¬ 
able  options  might  inelude  the  following: 

>  Organize:  Use  simulators  to  reduee  aetual  training  flight  requirements. 
Minimize  weight  on  board  by  earrying  only  mission-essential  items. 
Optimize  flight  routing  through  GPS-aided  positioning,  advanced 
scheduling  and  flight  planning  software,  and  consideration  of  on¬ 
ground  en  route  refueling.  Increase  efficient  aircraft  utilization  based 
on  analysis  of  sortie  effectiveness  against  specific  tactical  and  training 
objectives;  evaluate  use  of  flight-hours  as  a  measure  of  effectiveness. 
Increase  use  of  unmanned  aerial  vehicles.  Evaluate  just-in-time  (airlift 
delivery)  logistics  requirements  against  using  surface  delivery  to  de¬ 
termine  instances  that  may  not  justify  routine  use  of  airlift  (considering 
both  inventory  and  delivery  costs). 

>  Engineer:  Install  air  traffic  monitoring  systems  to  allow  access  to  more 
direct  commercial  flight  routes.  Install  more  efficient  engines  on  aging 
aircraft.^  Supply  synthetic  fuels  in  place  of  standard  jet  fuel.  Increase 
fuel  efficiency  through  aerodynamic  design  and  use  of  lightweight  ma¬ 
terials  and  composites. 

>  Invent:  Develop  unmanned  aerial  vehicles  with  advanced  capability. 
Design  future  aircraft  with  blended  wings  for  improved  fuel  effi¬ 
ciency.^ 


^  The  Defense  Science  Board  Task  Force  on  Improving  Fuel  Efficiency  of  Weapons  Plat¬ 
forms,  More  Capable  Warfighting  through  Reduced  Fuel  Burden,  January  2001,  and  Defense  Sci¬ 
ence  Board  Task  Force,  B- 5 2H Re-Engining,  June  2004. 

^  DoD  Energy  Security  IPT  brief  to  the  SSG,  Energy  Options,  presented  September  13,  2006. 
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♦  Example  2 — Greatest  Dijjiculty  Challenge:  Operational  Vehicle  Fuel 
Consumption.  Another  key  energy  eonservation  opportunity  is  reducing 
the  amount  of  fuel  required  by  ground  forces  deployed  in  the  operational 
environment.  Because  this  fuel  is  the  most  difficult  to  deliver,  the  cost  is 
likely  to  include  some  of  the  highest  multiplier  effects  so  the  total  savings 
per  gallon  conserved  are  much  higher  than  the  DESC  standard  price  per 
gallon. 

>  Organize:  Measure  and  monitor  vehicle  operating  profiles  and  con¬ 
sumption  patterns.  Adjust  operating  profiles  to  reduce  fuel  consump¬ 
tion  based  on  analysis  of  fuel  consumption  data.^  Review  single-fuel 
requirement  for  JP-8  to  determine  if  supplying  diesel  fuel  for  certain 
applications  would  provide  greater  fuel  efficiency  or  lower  logistics 
costs. ^ 

>  Engineer:  Install  data  collection  systems  for  vehicle  usage,  idling,  and 
fuel  consumption  patterns.  Install  auxiliary  power  units  on  tanks  and 
other  vehicles  to  reduce  power  consumption  during  idling.  Replace  ex¬ 
isting  turbine  engines  on  Ml  tanks  with  more  efficient  diesel  engines.^ 
For  other  vehicles,  use  most  efficient  engines  available  for  specific 
equipment  usage  patterns,  such  as  the  inhne-6  diesel  engine^®  and  hy¬ 
brid-electric  vehicles  with  built-in  power  export  capability.  Increase 
use  of  composite  materials. 

>  Invent:  Develop  real-  or  near-real-time  reporting  of  vehicle  consump¬ 
tion  data  to  automated  logistics  information  systems.  Develop  un- 
manned  land  vehicles  with  reduced  armor  and  hotel  loads.  Develop 
lightweight  strength  members  and  armor. 


’  See  Note  2. 

*  Diesel  fuel  has  a  higher  heat  eontent  than  JP-8  and  eould  provide  greater  fuel  effieieney,  all 
things  being  equal.  The  eurrent  single  fuel  poliey  of  supplying  JP-8  for  all  taetieal  applieations  has 
important  implieations  for  vehiele  power  options,  beeause  it  preeludes  the  use  of  low-sulfur  diesel 
fuel  that  may  be  required  for  eleaner  diesel  engines  that  employ  exhaust  gas  reeireulation.  How¬ 
ever  the  redueed  emissions  from  employing  exhaust  gas  reeireulation  may  also  result  in  a  3-5% 
reduetion  in  fuel  eeonomy,  and  supplying  low  sulfur  fuel  may  impose  additional  logisties  eosts. 
Some  information  indieates  that  there  is  eonsiderable  use  of  fuel  from  loeal  sourees  in  the  opera¬ 
tional  environment.  A  eomprehensive  analysis  of  the  single  fuel  poliey  is  warranted. 

^  See  Note  2. 

See  Note  2. 

*’  See  Note  2.  Beeause  of  military  vehiele  operating  patterns,  the  prineipal  benefit  from  hy- 
brid-eleefrie  vehieles  may  be  auxiliary  power  rather  than  inereased  fuel  effieieney  while  driving. 

See  Note  5. 
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♦  Example  3 — Greatest  Dijjiculty  Challenge:  Mobile  Electric  Power.  An¬ 
other  example  of  signifieant  logistie  burden  ineluding  fuel  delivery  in  the 
operational  environment  is  mobile  power  generation  for  forward  basing 
areas.  A  solution  set  of  viable  options  to  address  this  problem  might  in- 
elude  the  following: 

>  Organize:  Monitor  equipment  usage.  Ensure  that  temperature  settings 
on  air  eonditioners  and  heaters  are  adjusted  to  the  most  effieient  prae- 
tieal  levels.  Insulate  temporary  struetures.  Reduee  the  footprint  and 
energy  eonsumption  of  deployed  forees  by  inereasing  reaeh-baek  to 
CONUS  and  redueing  “home  station”  amenities  for  deployed  forees. 

>  Engineer:  Replaee  legaey  generators  with  newer,  more  effieient,  light 
weight  generators.  Replaee  portable  air  eonditioners  with  more  effi¬ 
eient  models  for  long-term  fuel  savings.  Install  hybrid  eleetrie  power 
stations  with  wind  turbines,  solar  eolleetors,  and  storage  deviees. 

>  Invent:  Develop  waste-to-energy  and  fuel  eell  generators  for  forward 
base  and  remote  power  loeations. 

♦  Example  4 — Greatest  Impact  Challenge:  Battery  Weight  for  Warriors. 

One  of  the  eoneerns  on  the  modem  battlefield  is  the  amount  of  weight 
warriors  must  earry.  While  every  additional  pound  reduees  the  warrior’s 
persistenee  (enduranee),  mobility,  and  agility,  limiting  the  power  (batter¬ 
ies)  available  reduees  aeeess  to  information,  plaeing  the  warrior  at  per¬ 
sonal  risk  and  hindering  mission  aeeomplishment.  In  reeent  years,  an 
inereasing  amount  of  this  warrior  burden  involves  batteries,  whieh  now 
average  about  15  to  20  pereent  by  weight  of  the  burden.  A  solution  set  of 
viable  options  to  address  this  problem  might  inelude  the  following: 

^  Organize:  Assess  mission  and  equipment  requirements  to  optimize  the 
number  of  batteries  required. 

>  Engineer:  Install  battery  eharge  indieators  on  equipment  or  batteries  to 
reduee  the  tendeney  to  replaee  batteries  prematurely.^"^  Provide  light¬ 
weight,  eompaet  battery  reeharge  eapability.  Field  energy-effieient 
eomputing  and  eommunieations  teehnology. 

>  Invent:  Develop  low-power  ehips  to  reduee  power  requirements  for 
eleetronie  deviees.'^  Develop  advaneed  ehemieal  batteries  with  greater 
energy  and  power  densities.  Develop  battery  form  faetor  fuel  eells 


2 kW Military  Tactical  Generator  (MTG).  http://www.pm-mep.army.mil/techiiicaldata/ 
2kw.htm. 

Defense  Logistics  Agency  and  DoD  Power  Sources  Technology  Working  Group,  Depart¬ 
ment  of  Defense  Technology  Roadmap  for  Power  Sources,  Workshop  Data,  November  24,  2006. 

Committee  of  Soldier  Power/Energy  Systems,  National  Research  Council.  Meeting  the  En¬ 
ergy  Needs  of  Future  Warriors.  September  2004.  http://books.nap.edu/catalog/l  1065.html. 


6-10 


Energy  Technology  and  Options  for  Change 


with  greater  power  and  reduced  weight  to  replace  traditional  batteries. 
Develop  man-portable  fuel-cell  generators  that  can  provide  battlefield 
power  for  recharging  secondary  batteries,  which  will  allow  a  single 
secondary  battery  (or  a  few  secondary  batteries)  to  be  used  in  place  of 
a  greater  number  of  primary  batteries. 

After  potential  solution  sets  are  identified,  they  must  be  validated  through  rigor¬ 
ous,  detailed  cost-benefit  analysis  and  assessment  of  their  strategic,  operational, 
fiscal,  and  environmental  implications.  For  example,  changes  to  tactics,  tech¬ 
niques,  and  procedures  that  reduce  fuel  consumption  may  have  an  adverse  effect 
on  the  ability  to  complete  real-world  missions  unless  they  are  made  in  the  context 
of  changes  to  operational  concepts  that  leverage  the  efficiencies  gained  by  the  ag¬ 
gregate  force.  Similarly,  the  energy  efficiency  gain  and  the  corresponding  reduc¬ 
tion  in  logistics  requirements  from  new  battery  chemistries  may  be  offset  by  the 
environmental  impact  of  battery  disposal. 

When  considering  investments  in  long-term  solutions,  DoD  must  address  both  the 
cost  and  the  probability  of  achieving  technological  objectives.  The  department 
must  also  consider  the  different  stakeholders  and  organizations  in  the  defense  hi¬ 
erarchy  whose  support  will  be  required  to  implement  those  options.  Although  lo¬ 
cal  commanders  can  implement  many  organizational  solutions,  other  solutions 
may  require  changes  to  policies  and  procedures  developed  by  the  service  staffs  or 
combatant  commanders.  Likewise,  most  engineering  and  inventing  solutions  re¬ 
quire  continued  funding  over  multiple  fiscal  years  and  must  ultimately  be  vetted 
via  the  PPBE  process.  Nevertheless,  we  believe  that  this  approach  can  lay  the 
foundation  for  a  DoD  energy  technology  strategy. 


See  Note  13. 
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Chapter  7 

Approach  to  an  Energy  Strategy: 
An  Energy  Transformation 


A  strategy  to  change  how  DoD  views,  values,  and  uses  energy  will  challenge 
some  of  the  department’s  most  deeply  held  assumptions,  interests,  and  processes.' 
Executing  this  strategy  will  require  the  development  of  innovative  concepts  and 
capabilities  that  reduce  energy  dependence  while  maintaining  or  increasing  over¬ 
all  warfighting  effectiveness.  This  change  will  be  a  transformation. 

Keys  to  a  Successful  Energy  Transformation 


Achieving  an  energy  transformation  at  DoD  will  require  the  commitment,  per¬ 
sonal  involvement,  and  leadership  of  the  Secretary  of  Defense  and  his  key  subor¬ 
dinates.  Most  important,  the  Secretary  must  establish  a  clear  vision  of  the 
outcome  of  the  department’s  energy  transformation  and  must  institutionalize  the 
processes,  governance  structure,  and  resources  required  to  achieve  that  vision.  As 
one  author  noted,  “undercommunicating  the  vision  by  a  factor  of  10  (or  even  100 
or  even  1000)”  is  one  of  the  reasons  that  transforming  organizations  fail.^ 

The  vision  must  be  an  articulation  of  the  leader’s  view  of  the  desired  end  state, 
but  it  also  must  resonate  within  the  organization  and  with  external  stakeholders 
(in  this  case.  Congress,  the  public,  and  the  defense  industry)  if  it  is  to  be  effective 
and  enduring.  We  propose  the  following  vision: 

To  be  the  nation’s  leader  in  the  effective  use  of  energy,  significantly  re¬ 
ducing  DoD’s  dependence  on  traditional  fuels  and  enhancing  operational 
primacy  through  reduced  logistics  support  requirements. 

A  recent  RAND  study  notes  that  a  “clear,  well-communicated  vision  or  purpose 
will  focus  attention  on  innovative  ideas.  Employees  must  have  a  keen  understand¬ 
ing  of  the  organization’s  purpose  before  they  can  suggest  improvement.  Because 
decisions  made  at  all  levels  of  the  organization  contribute  to  the  success  or  failure 
of  innovative  ideas,  a  clear  vision  or  mission  statement  reduces  the  need  for 


*  Some  of  these  ehallenged  assumptions,  interests,  and  processes  include  (1)  the  operator’s  as¬ 
sumption  that  individual  platform  performance  is  more  important  than  aggregate  system  perform¬ 
ance,  (2)  the  commander’s  assumption  that  the  logistics  community  will  provide  required  fuel 
regardless  of  cost  or  difficulty,  (3)  the  logistics  community’s  vested  interest  in  the  fuel  delivery 
force  structure,  and  (4)  the  requirements  and  acquisition  processes  for  making  life -cycle  cost  and 
procurement  investment  decisions  on  the  basis  of  fuel  cost  which  do  not  capture  the  real  costs  (and 
operational  implications)  of  delivery  in  the  operational  environment. 

^  John  P.  Kotter,  Leading  Change  (Boston,  MA:  Harvard  Business  School  Press,  1996),  p.  9. 
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lengthy  debates  on  every  decision.”  If  DoD  is  to  significantly  reduce  its  depend¬ 
ence  on  liquid  fuels  and  their  associated  logistics,  it  is  imperative  that  the  leader¬ 
ship  clearly  and  frequently  articulate  this  objective,  while  establishing  the 
processes  and  incentives  to  make  the  change. 

A  Government  Accountability  Office  review  of  key  practices  from  successful  or¬ 
ganizational  mergers  and  transformations  identified  two  factors  commonly  found 
in  transformations  that  had  been  successful: 

♦  Ensure  that  top  leadership  drives  the  transformation 

♦  Establish  a  coherent  mission  and  integrated  strategic  goals  to  guide  the 
transformation."^ 

The  diverse  views  and  interests  of  the  many  stakeholders  in  a  defense  energy 
strategy  make  it  apparent  that  the  active,  continuing  involvement  of  the  Secretary 
and  Deputy  Secretary  of  Defense  will  be  necessary  to  achieve  a  successful  energy 
transformation. 

Implementing  an  Energy  Strategy 


The  organizational  vision  and  strategic  goals  for  transformation  lay  the  foundation 
upon  which  any  strategy  is  built.  A  strategy  outlines  an  approach  to  achieving  the 
vision  by  identifying  the  methods  to  be  used  to  achieve  the  established  goals.  An 
energy  strategy  would  define  the  organizational  process  changes  and  technical 
changes  to  facilitate  DoD’s  shift  toward  improving  mobility  energy  efficiency. 

To  implement  an  effective,  long-term  energy  strategy,  DoD  must  include  energy 
considerations  in  its  corporate  processes,  guidance,  and  governance  structure.  The 
addition  of  energy  concerns  to  the  organization’s  key  processes  will  raise  the  level 
of  awareness  about  DoD’s  energy  issues  and  focus  the  organization  on  identifying 
solutions.  The  following  steps  highlight  changes  that  could  be  made  in  the  key 
processes — strategic  planning,  analytic  agenda,  joint  concept  and  joint  capability 
development,  acquisition,  and  PPBE — to  support  an  energy  strategy: 

♦  Apply  the  energy  efficiency  requirements  of  Executive  Order  13423 
(3  percent  reduction  per  year,  or  30  percent  reduction  by  2015  from  2003 
baseline)  to  mobility  forces  (which  are  currently  exempted). 


^  Debra  Knopman,  Susan  Resetar,  Parry  Norling,  Richard  Rettig,  and  Irene  Brahmakulam,  In¬ 
novation  and  Change  Management  in  Public  and  Private  Organizations:  Case  Studies  and  Op¬ 
tions  for  EPA  (RAND,  2003),  p.  36. 

^  Government  Accountability  Office,  Results-Oriented  Cultures:  Implementation  Steps  to  As¬ 
sist  Mergers  and  Organizational  Transformations,  GAO  Report  03-669,  July  2003. 


7-2 


Approach  to  an  Energy  Strategy:  An  Energy  Transformation 


♦  Establish  a  corporate  governance  structure  to  provide  strategic  energy  di¬ 
rection.  A  strong  governance  structure  will  help  ensure  the  continued 
alignment  of  the  DoD  energy  efforts. 

>  Coordinate  the  energy  efforts  of  DoD  components. 

>  Establish  metrics  and  monitoring  and  reporting  requirements  in  sup¬ 
port  of  energy  efficiency  goals. 

>  Monitor  and  enforce  compliance. 

♦  Incorporate  energy  strategy,  energy  use,  and  energy  logistics  in  DoD’s 
corporate  processes. 

>  Analyze  current  and  projected  energy  and  energy  logistics  required  to 
support  operational  plans  and  capability-based  planning. 

>  Evaluate  the  aggregate  impact  of  energy  and  energy  logistics 
requirements  for  the  joint  force  in  an  operational  environment,  and 
quantify  operational  and  fiscal  impacts. 

>  Assess  the  role  of  information-based  technologies  to  reduce  energy 
dependence  through  the  multiplier  effect  of  unmanned  systems  and 
sensors,  enhanced  operational  information  to  the  warfighter,  and 
improved  energy  information  in  operational  logistics,  particularly 
where  in-theater  personnel  requirements  can  be  reduced. 

>  Evaluate  whether  an  immediate,  focused  action  is  required  to  develop 
a  new  Capstone  Concept  for  Joint  Operations  and  alternate  energy 
supplies  due  to  unforeseen  magnitude  of  vulnerability. 

♦  Incorporate  energy  considerations  (energy  use  and  energy  logistics  support 
requirements)  in  ah  future  concept  development,  capability  development, 
and  acquisition  actions. 

>  Examine,  and  quantify  where  possible,  energy  considerations  in 
concept  and  capability  analysis  and  experimentation. 

>  Implement  the  use  of  fully  burdened  fuel  costs  in  capabilities  and 
acquisition  analysis  of  system  life-cycle  costs. 

>  Require  energy  efficiency  as  a  KPP  and  Milestone  B  exit  criterion  for 
those  capabilities  with  significant  energy  consumption  or  energy 
logistics  support  requirements. 
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♦  Make  energy  a  top  R&D  priority. 

>  Invest  in  S&T  to  provide  potential  breakthrough  opportunities  for 
energy  effieieney  or  alternative  energy  sourees,  partieularly  those 
opportunities  that  may  signifieantly  reduee  the  reliance  on  fossil  fuels. 

>  Coordinate  service  R&D  initiatives  to  ensure  focused  efforts  and  avoid 
duplication. 

>  Quality  commercially  developed  alternative  energy  products  for  use  in 
DoD  systems. 

♦  Improve  the  incentives  for  investment  in  energy  efficiency. 

>  Identify  and  allocate  the  costs  of  energy  and  energy  support  require¬ 
ments  to  capability  programs. 

>  Develop  mechanisms  to  allow  the  services  to  retain  a  portion  of  the 
benefits  from  fuel  efficiency  efforts. 

>  Work  with  the  executive  branch  and  Congress  to  increase  incentive  au¬ 
thority  and  funding  for  energy  efficiency  investment  programs  (ECIP 
and  ESCP). 

♦  Increase  global  efforts  to  enhance  the  stability  and  security  of  oil 

infrastructure,  transit  lanes,  and  markets. 

>  Coordinate  with  the  Department  of  State  to  promote  international 
cooperation  in  these  areas. 

>  Direct  the  combatant  commanders  to  leverage  military-to-military 
relationships  in  these  areas. 

♦  Make  reducing  energy  vulnerability  a  focus  area  of  the  next  strategic 

planning  cycle  and  QDR. 

The  next  step  in  the  strategy  definition  process  is  to  identity  specific  changes  to 
be  made  to  energy-supported  processes  and  technology.  A  survey  of  the  emerging 
energy  technology  landscape  reveals  that  the  department  has  a  wide  range  of  op¬ 
tions  for  addressing  energy  efficiency  and  alternate  sources  of  energy.  In  order  for 
any  strategy  to  fully  leverage  changes  to  processes  or  technological  advances,  the 
energy  challenges  to  be  addressed  must  be  defined  to  enable  evaluation  of  the  op¬ 
tions,  based  on  their  ability  to  respond  to  the  stated  challenges.  One  method  that 
can  be  used  to  outline  the  energy  challenges  is  to  consider  the 

♦  greatest  fuel  use  (aviation  forces). 
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♦  greatest  logistie  diffieulty  (forward  land  forees  and  mobile  eleetrie  power), 
and 

♦  greatest  warrior  impaet  (individual  warfighter  burden). 

Other  eategories  may  be  worthy  of  investigation  to  address  speeifie  areas  of  DoD 
eoneern.  Whatever  eategories  are  used,  this  step  must  be  eompleted  to  enable  a 
thorough  evaluation  of  eandidate  ehange  options. 

With  energy  ehallenges  identified,  the  next  step  is  to  identify  and  seleet  potential 
solutions.  Some  solutions  are  easily  implemented  with  little  or  no  investment  in 
teehnology,  but  produee  only  limited  energy  savings.  Other  solutions  may  require 
a  larger  investment  in  either  time  or  money  to  produee  more  substantial  savings. 
Therefore,  it  is  unlikely  that  a  single  solution  will  deliver  all  of  the  desired  en- 
ergy-reduetion  benefits.  Satisfying  the  need  for  immediate  savings,  as  well  as 
longer-term,  large-seale,  sustainable  reduetions  in  energy  eonsumption,  will  re¬ 
quire  a  portfolio  of  solutions. 

The  following  framework  ean  be  used  to  identify  a  range  of  solution  options 
available  for  redueing  energy  eonsumption: 

♦  Identify  organizational  and  proeess  ehanges  that  ean  be  implemented  im¬ 
mediately 

♦  Identify  engineered  solutions  to  improve  the  effieieney  of  eurrent  forees 
and  those  nearing  aequisition  using  existing  teehnology 

♦  Invent  new  eapabilities,  employed  in  new  operational  eoneepts,  for  those 
teehnologies  yet  to  be  developed. 

Under  the  guidanee  of  a  eoordinating  body,  DoD  ean  begin  a  struetured  analysis 
of  how  to  apply  organizational,  proeess,  and  teehnology  ehanges  to  exeeute  a 
strategy  to  reduee  energy  dependenee.  Establishment  of  a  eoordinating  body  with 
poliey  and  resouree  oversight  authority  would  enable  integration  of  energy  efforts 
aeross  the  serviees  and  DoD.  The  eoordinating  body  ean  evaluate  the  identified 
portfolios  against  the  energy  diseonneets  to  identify  optimal  solutions  aeross  the 
serviees,  broader  department  objeetives,  and  U.S.  government  strategie  objeetives 
and  energy  efforts.  The  eoordinating  body  ean  then  foeus  teehnology  develop¬ 
ment  as  required  to  aehieve  the  desired  goals. 

In  evaluating  the  approaeh  to  implementing  an  energy  strategy  against  a  model  for 
publie-seetor  ehange  management  developed  by  RAND  (see  Figure  7-1),  one  ean 
see  that  the  proposed  ehanges,  if  implemented,  address  the  neeessary  attributes  to 
prepare  for  and  support  ehange.  We  believe  that  an  empowered  eorporate  energy 
body,  supported  by  senior  DoD  leadership,  will  provide  the  neeessary  governanee 
to  aehieve  sueeessful  exeeution  of  this  transformation. 


7-5 


Figure  7-1.  Model  for  Change  Management 


Source:  Debra  Knopman,  Susan  Resetar,  Parry  Norling,  Rich¬ 
ard  Rettig,  and  Irene  Brahmakulam,  Innovation  and  Change  Man¬ 
agement  in  Public  and  Private  Organizations:  Case  Studies  and 
Options  forEPA  (RAND,  2003),  p.  33. 

Benefits  of  Energy  Transformation 


A  successful  transformation  in  how  DoD  views,  values,  and  uses  energy  will  pro¬ 
vide  a  powerful  eatalyst  for  21st  eentury  operations  at  all  levels  of  the  department. 
The  2005  DoD  National  Defense  Strategy  and  the  2006  QDR  eall  for  inereasing 
U.S.  military  presenee  globally,  rather  than  loeating  en  masse  at  statie  operating 
bases.  This  theme  represents  a  “new  global  posture”  in  whieh  smaller,  joint  bases, 
ineluding  joint  expeditionary  sea  bases  and  eooperative  seeurity  loeations,  are  dis¬ 
tributed  globally  and  ean  reposition  with  ease  in  response  to  threats.  Establishing 
sueh  a  posture  requires  forees  in  more  regions  of  the  world,  employs  new  teeh- 
nologies,  and  ereates  a  more  eomplex  logisties  burden.  Under  eurrent  eonsump- 
tion  patterns,  sueh  a  strategy  will  be  even  more  energy  intensive  at  a  time  when 
availability  of  traditional  energy  resourees  is  beeoming  inereasingly  questionable. 
The  applieation  of  new  operational  eoneepts  and  energy  teehnologies  that  address 
effieient  use  of  energy  and  alternative  supply  sourees  inereases  the  opportunity  to 
aehieve  the  vision  of  the  National  Defense  Strategy. 

Inereasing  the  energy  effieieney  of  DoD  operations  has  the  potential  to  inerease 
operational  flexibility  by  redueing  logisties  support  requirements,  while  freeing 
resourees  eurrently  dedieated  to  energy  and  assoeiated  support  for  reeapitalization 
purposes.  The  proposed  option  to  expand  the  energy  eonsumption  mandates  for 
federal  faeilities  to  mobility  operations  presents  opportunities  for  signifieant  sav¬ 
ings.  Our  analysis,  deseribed  in  Appendix  G,  indieates  that  this  move  eould  result 
in  eumulative  savings  to  DoD  of  roughly  $43  billion  by  2030  based  on  Energy 
Information  Ageney  referenee  ease  priee  projeetions  (with  a  range  between  $26 
billion  and  $73  billion  for  “low”  and  “high”  priee  eases).  This  estimate  does  not 
inelude  the  seeondary  savings  from  the  multiplier  effeets  of  redueing  energy  eon- 
sumption.  While  investment  would  likely  be  required  to  aehieve  these  savings,  the 
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investment  would  be  offset  by  the  multiplier  effect,  which  is  typically  larger  than 
the  associated  fuel  cost. 

An  energy  transformation  that  leverages  process  change  in  the  short  term  and 
technological  innovation  in  the  mid  to  long  terms  will  provide  DoD  the  opportu¬ 
nity  to  address  the  strategic,  operational,  fiscal,  and  environmental  disconnects 
inherent  in  its  current  energy  use  and  policies.  Energy  transformation  will  enable 
DoD  to  target  its  greatest  energy  challenges  and  focus  change  efforts  on  address¬ 
ing  them.  Incorporating  new  energy-efficient  concepts  and  technologies  increases 
the  potential  to  enhance  operational  effectiveness  through  increased  reach  and 
agility  while  reducing  the  logistics  dependence  of  the  force.  From  a  fiscal  per¬ 
spective,  reduction  in  the  energy  use  profde  will  allow  DoD  to  redirect  resources 
formerly  spent  on  fuel  to  increase  investment  in  warfighting  capability.  Improved 
energy  efficiency  will  also  reduce  DoD’s  fiscal  vulnerability  to  supply  and  price 
shocks  in  the  energy  market.  More  efficient  use  of  energy  and  the  choice  of  alter¬ 
native  energy  options  which  minimize  or  mitigate  environmental  impact  will  gar¬ 
ner  the  support  of  the  public  while  acting  in  concert  with  national  environmental 
goals. 

Through  the  process  of  energy  transformation,  DoD  can  become  a  national  leader 
in  innovative  and  efficient  uses  of  energy,  with  the  potential  to  alter  the  energy 
landscape  by  changing  energy  demand  patterns  and  the  associated  energy  security 
requirements.  To  implement  these  important  changes,  an  effective  managing  body 
in  DoD  is  required.  This  will  allow  DoD  to  coordinate  the  development  of  oppor¬ 
tunities  across  the  DoD  and  civilian  agencies  to  minimize  redundancy  and  to 
maximize  complementarities;  minimize  suboptimization  across  the  organization; 
and  establish  goals,  metrics,  and  reporting  requirements  for  energy  efficiency.  In 
view  of  the  long  period  required  to  develop  and  populate  the  force  with  new  con¬ 
cepts  and  capabilities,  DoD  should  begin  now  to  posture  the  force  for  success  in 
an  environment  of  increasing  energy  uncertainty. 
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Appendix  A 

Mobility  Fuel  Use 


Mobility  energy — the  fuel  used  to  power  DoD  weapons  platforms,  tactical  equip¬ 
ment,  and  all  other  types  of  vehicles — comprised  66  percent  of  the  total  energy 
consumed  by  DoD.  In  contrast  with  facility  energy,  the  energy  required  to  fuel 
bases  and  other  stationary  products,  mobility  energy  is  entirely  petroleum-based 
products  and  accounts  for  94  percent  of  DoD’s  petroleum  consumption.  Figure 
A-1  shows  the  distribution  of  mobility  fuel  use  by  service. 

Figure  A-1.  DoD  Mobility  Fuel  Use 
by  Service 


Navy 

37% 


Aviation  Operations 


The  Air  Force,  the  largest  user  of  mobility  fuel,  spends  about  $5  billion  on  en¬ 
ergy,  with  approximately  80  percent  of  this  supporting  aviation  operations  (Figure 
A-2). 


Figure  A-2.  Air  Force  Energy  Usage 
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Since  September  11,  2001,  the  costs  of  energy  have  doubled,  which  has  led  to  an 
energy  fuel  bill  that  exceeds  $10  million  a  day.'  The  aviation  fuel  consumption 
rate  has  increased  6  percent  over  the  last  10  years.  The  amount  of  fuel  consumed 
over  the  last  3  years  has  decreased  slightly,  but  this  decrease  has  been  offset  by 
higher  fuel  costs.  Over  a  10-year  period,  costs  per  flying  hour  have  increased  a 
dramatic  144  percent.  Total  aviation  fuel  costs  rose  from  about  $1.8  billion  in 

*  Mike  Aimone,  Assistant  Deputy  Chief  of  Staff,  USAF,  Logisties,  Installations  and  Mission 
Support,  “Air  Foree  Energy  Strategy  for  the  21st  Century”  (briefing,  June  5,  2006). 
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1996  to  about  $4.8  billion  in  2005.^  The  compound  annual  growth  rate  (CAGR) 
over  this  10-year  period  was  9.6  percent.^ 

The  Air  Force  has  ascribed  the  rising  costs  of  aviation  fuel  to  the  increased  fuel 
consumption  to  support  the  global  war  on  terrorism  and  to  the  fact  that  the  stan¬ 
dard  price  of  aviation  fuel  rose  substantially  in  FY04  and  FY05.  Because  the  mili¬ 
tary  has  relied  on  air  operations  to  sustain  and  complement  ground  forces"^  and 
because  the  defense  strategies  demand  increased  mobility,  agility,  and  sustain¬ 
ment,  DoD  can  expect  continued  high  energy  usage  and  higher  energy  costs.  This 
consumption  and  price  trend  clearly  points  to  an  area  in  which  a  comprehensive 
strategy  is  warranted. 

Ground  Vehicles 

A  study  by  NRAC^  looked  at  petroleum  usage  for  FY03  across  the  armed  ser¬ 
vices.  In  its  study,  NRAC  provided  a  profde  for  ground  vehicles.  NRAC  found 
that  88.5  percent  of  Military  Essential  Function  (MEF)  ground  vehicles  were  tac¬ 
tical  wheeled  vehicles  (TMV),  which  included  High  Mobility  Multi-Purpose 
Wheeled  Vehicles  (HMMWVs),  medium  trucks,  and  Logistics  Vehicle  Systems 
(LVSs).  Also,  the  NRAC  study  pointed  to  a  2003  fuel-reduction  study  done  by  the 
Marine  Corps.  The  Marine  Corps  concluded  that  its  fleet  of  armored  assault  vehi¬ 
cles — Ml  tank.  Light  Armored  Vehicles,  and  Amphibious  Assault  Vehicles — 
while  fuel  guzzlers,  consume  only  a  minor  fraction  of  the  total  MEE  fuel  allot¬ 
ment. 

HMMWVs  and  5-ton  trucks  accounted  for  69.7  percent  of  total  TMV  fuel  usage, 
and  LVSs  followed  with  18.7  percent.  The  requirement  for  TMVs  to  be  highly 
responsive  and  mobile  and  the  fact  that  70-75  percent  of  these  vehicles  are  used 
off-road  or  on  unimproved  roads  have  made  these  vehicles  prone  to  greater  fuel 
use. 

This  ground  vehicle  consumption  profile  and  trend  may  be  useful  for  strategy  de¬ 
velopment,  considering  the  operations  of  insurgents  in  Iraq  and  Afghanistan  and 
the  projection  that  future  operations  may  take  this  shape. 


^  See  Note  1. 

^  CAGR  =  (FV/PV)''"^1. 

Miehael  J.  Homitsehek,  Lt  Col,  USAF,  War  Without  Oil:  A  Catalyst  for  True  Transforma¬ 
tion  (Air  War  College,  February  17,  2006),  p.  20. 

^  Naval  Researeh  Advisory  Committee,  Future  Fuels,  April  2006. 
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Appendix  B 

Defense  Strategy  Themes 


Recent  experience  indicates  that  the  nature  of  the  threat  facing  the  United  States  is 
changing.  Today  we  cannot  be  sure  in  advance  the  location  of  future  conflicts, 
given  the  threat  of  dispersed,  small-scale  attacks  inherent  in  warfare  with  rogue 
nations  and  insurgent  forces.  In  addition,  the  U.S.  military  must  be  prepared  to 
defend  against  single  strikes  capable  of  mass  casualties.  This  complex  security 
environment — an  environment  in  which  a  wide  range  of  conventional  and  uncon¬ 
ventional  attacks  can  come  from  unpredictable  regions  of  the  world  and  the  risk 
of  a  single  attack  continues  to  be  high — requires  the  United  States  not  only  to 
maintain  a  force  that  is  forward  and  engaged  on  a  daily  steady-state  basis,  but  also 
to  be  ready  for  quick  surge  deployments  worldwide,  to  counter  and  deter  a  broad 
spectrum  of  potential  threats. 

Department-wide  and  service-specific  strategy  documents  have  proposed  solu¬ 
tions  to  navigating  in  this  new  environment.  These  solutions  have  three  general 
themes: 

♦  Theme  1.  Our  forces  must  expand  geographically  and  be  more  mobile  and 
expeditionary  so  that  they  can  be  engaged  in  more  theaters  and  prepared 
for  expedient  deployment  anywhere  in  the  world. 

♦  Theme  2.  We  must  make  the  transition  from  a  reactive  to  a  proactive  force 
posture  to  deter  enemy  forces  from  organizing  for  and  conducting  poten¬ 
tially  catastrophic  attacks. 

♦  Theme  3.  We  must  be  persistent  in  our  presence,  surveillance,  assistance, 
and  attack  to  defeat  determined  insurgents  and  halt  the  organization  of 
new  enemy  forces. 

This  appendix  describes  those  themes. 

Theme  1:  Geographic  Expansion  and  Mobility 


Under  the  reasoning  that  “the  United  States  cannot  influence  that  which  it  cannot 
reach,”  the  2005  DoD  National  Defense  Strategy  (NDS)  called  for  a  global  in¬ 
crease  in  U.S.  military  presence.  Rather  than  locating  en  masse  at  static  operating 
bases,  this  theme  represents  a  new  global  posture  in  which  smaller,  joint  bases, 
including  joint  expeditionary  sea  bases  and  cooperative  security  locations  are  dis¬ 
tributed  globally  and  can  reposition  with  ease  in  response  to  threats.  The  NDS 
states  that  such  a  system  will  enhance  response  to  irregular,  catastrophic  and 
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disruptive  challenges,  while  simultaneously  maintaining  the  ability  to  respond  to 
traditional  challenges. 


This  theme  is  reflected  throughout  DoD  and  service  strategy  documents.  The 
2006  QDR  envisions  ground  forces  that  are  “more  modular  in  structure  at  all  lev¬ 
els,  largely  self-sustaining  and  capable  of  operating  both  in  traditional  formations, 
as  well  as  disaggregating  into  smaller  autonomous  units.”  The  2004  National 
Military  Strategy  (NMS)  states  that  this  new  environment  involves  “ensuring  ca¬ 
pabilities  are  positioned  and  ready  to  conduct  strikes  against  time-sensitive  and 
time-critical  targets.” 

The  Air  Force’s  long-term  plans  call  for  greater  coverage  both  globally  and  in 
outer  space.  Terrestrially,  the  Air  Force’s  plans  are  similar  to  those  of  the  other 
services,  emphasizing  global  mobility  and  the  establishment  of  air  operations 
from  austere,  cold,  warm,  and  hot  bases.  ^  Additional  long-term  plans  call  for  pro¬ 
tection  of  the  vulnerable  U.S.  assets  located  in  space.  The  Air  Force  expects  fu¬ 
ture  space-based  platforms  to  persist  in  space,  which  will  require  the  refueling, 
repair,  and  relocation  of  assets  while  in  orbit.  The  Air  Force  acknowledges  that 
the  transition  to  space-basing  will  require  a  major  shift  from  petroleum-based  fu¬ 
els,  suggesting  that  it  may  be  able  to  collect  or  generate  large  quantities  of  energy 
on  orbit  to  fuel  bases. 

The  Navy’s  strategic  plan  published  in  May  2006  similarly  calls  for  expanded  ca- 
pability  to  counter  the  future  threats  described  in  the  QDR.  It  plans  for  an  in¬ 
creased  force  size  of  3 13  ships  and  a  widely  distributed  and  networked  force 
posture  to  provide  deterrence  against  transnational  threats  and  increased  persis¬ 
tence  in  surveillance  for  global  maritime  domain  awareness  and  homeland  de¬ 
fense.  This  more  widely  distributed  force  is  to  have  expanded  capability  to  agilely 
“dominate  in  the  open  ocean,  littoral,  coastal  and  internal  waters,  seamlessly,  to 
influence  events  on  the  shore.”  The  strategy  also  includes  the  development  of  an 
expanded  capability  to  support  operations  by  joint  forces  from  expeditionary  sea 
bases  to  project  both  power  and  defense  globally.  These  increased  capabilities  are 
enabled  by  enhanced  engagement  through  security  cooperation  programs  and  the 
alignment  of  the  shore  infrastructure  for  force  sustainment. 

Theme  2:  Transition  to  a  Proactive  Posture 


A  theme  common  among  the  DoD  and  service  strategy  documents  is  the  need  for 
a  more  proactive  and  expeditionary,  rather  than  reactive  and  static,  military  pos¬ 
ture.  The  NDS  remarks  that,  given  the  potentially  destructive  value  of  the  weap¬ 
ons  rogue  states  may  yield,  there  now  is  a  greater  need  to  confront  challenges 


*  Headquarters,  U.S.  Air  Force/XPXC,  The  U.S.  Air  Force  Transformation  Flight  Plan,  2004, 
pp.  42-45. 

^  M.G.  Mullen,  Navy  Strategic  Plan  in  Support  of  Program  Objective  Memorandum  08,  May 
2006,  httpsV/wwwa.nko. navy.mil/portal. 
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earlier  and  more  eomprehensively  before  they  mature  beeause  the  eonsequenees 
of  waiting  until  an  attaek  happens  are  severe. 

Likewise,  one  of  the  four  NMS  National  Military  Objeetives  is  to  “prevent  eon- 
flict  and  surprise  attack”: 

US  forces  permanently  based  in  strategically  important  areas,  rotation- 
ally  deployed  forward  in  support  of  regional  objectives,  and  temporarily 
deployed  during  contingencies  convey  a  credible  message  that  the  United 
States  remains  committed  to  preventing  conflict.  These  forces  also 
clearly  demonstrate  that  the  United  States  will  react  forcefully  should  an 
adversary  threaten  the  United  States,  its  interests,  allies  and  partners.^ 

This  theme’s  focus  on  proactive  rather  than  reactive  operations  has  the  potential 
to  reduce  military  operations  in  the  long  term;  however,  this  preventive  mission 
also  may  drastically  increase  the  range  and  activity  of  the  military  in  the  short  and 
medium  terms.  For  instance,  a  proposed  effort  to  track  terrorist  networks,  by  us¬ 
ing  a  Global  Sensor  Network  that  establishes  persistent  surveillance  at  multiple 
points  on  the  globe  simultaneously,  implies  a  potentially  significant  increase  in 
forces  and  network  infrastructure.  This  and  other  new  initiatives  focused  on  pre¬ 
ventive  measures  also  may  have  the  second-order  effect  of  increasing  energy  con¬ 
sumption  within  DoD,  particularly  if  conventionally  powered  systems  are  used. 

Theme  3:  Persistence 


Because  future  engagements  increasingly  will  involve  stabilization  of  rogue 
states — a  longer  term  process  than  traditional  warfare — the  ability  to  attack  with 
persistence  is  needed.  We  must  “ensure  the  global  force  posture  and  rotation  sup¬ 
port  for  the  sustained  military  operations  required”  and  we  must  “defend  the  US 
and  its  interests  by  conducting  continuous  global  operations.”"^ 

The  Strategic  Planning  Guidance  emphasizes  the  need  to  prepare  for  “long  dura¬ 
tion  irregular  warfare.”  The  QDR  echoes  this  theme,  stating  that  “long  duration 
complex  operations  will  be  waged  simultaneously  in  multiple  countries  around 
the  world... [therefore,]  maintaining  a  long-term,  low-visibility  presence  in  many 
areas  of  the  world  where  US  forces  do  not  normally  operate  will  be  required.”^ 
This  transformation  to  persistent  global  surveillance  will  require  greater  use  of 
military  capabilities  and  greater  consumption  of  the  fuel  that  powers  them. 


^  Joint  Chiefs  of  Staff,  The  National  Military  Strategy  of  the  United  States:  A  Strategy  for  To¬ 
day,  a  Vision  for  Tomorrow,  2004,  p.  1 1.  Available  at  http://www.dtic.mil/doctrine/jel/ 
other_pubs/nms_2004.pdf 

Global  War  on  Terror  Contingency  Plan,  CONPLAN  7500  (Classified). 

^  DoD,  Quadrennial  Defense  Review  Report,  February  6,  2005,  http://www.defenselink.miF 
qdr/report/Report20060203  .pdf 
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Appendix  C 

Energy  Guidance 


Legislation,  Executive  orders,  policy  guidance,  and  instructions  for  implementing 
energy  conservation  and  efficiency  programs  at  military  installations  have  been 
key  factors  in  the  success  of  DoD’s  conservation  effort.  This  appendix  identifies 
key  legislative  and  executive  direction,  DoD  guidance,  and  service-specific 
regulations. 

Legislative  and  Executive  Direction 


In  addition  to  the  National  Energy  Conservation  Act  of  1978  (Public  Eaw  95- 
619),  which  was  enacted  by  Congress  in  response  to  the  energy  crises  of  the 
1970s,  the  following  legislation  and  Executive  orders  have  been  key  to  guiding 
the  DoD  and  service  energy  programs: 

♦  Energy  Policy  Act  of  1992 — promulgated  a  comprehensive  federal  energy 
policy  to  facilitate  end-user  energy-efficiency  programs  and  mandated  a 
25  percent  reduction  in  facility  energy  usage  by  2000. 

♦  Public  Eaw  109-58,  Energy  Policy  Act  of  2005 — established  the  latest 
national  policy  on  energy  and  a  new  energy  baseline  (2003);  provided  tax 
incentives  for  domestic  energy  production,  including  clean  coal  and 
nuclear;  and  mandated  doubling  the  nation’s  use  of  biofuels. 

♦  Executive  Order  13123,  “Greening  the  Government  through  Efficient 
Energy  Management”  (June  3,  1999) — directed  consolidated  agency 
energy  reporting,  extended  energy  and  greenhouse  gas  reduction  goals  to 
2010,  and  encouraged  procurement  of  energy-efficient  products  and 
expanded  renewable  energy  use.  The  order  included  a  mandated  energy 
reduction  goal  of  35  percent  by  2010. 

♦  Presidential  Memorandum,  “Energy  Conservation  at  Eederal  Eacilities” 
(May  3,  2001) — directed  heads  of  executive  departments  and  agencies  to 
conserve  energy  use  at  their  facilities,  review  their  existing  operating  and 
administrative  processes  and  conservation  programs,  and  identify  and 
implement  ways  to  reduce  such  use. 

♦  Executive  Order  13423,  “Strengthening  Eederal  Environmental,  Energy, 
and  Transportation  Management”  (January  24,  2007) — modified  the 
annual  reduction  requirement  specified  by  Public  Eaw  109-58  to  3  percent 
per  year  or  30  percent  by  2015. 
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♦  Presidential  Memorandum,  “Energy  and  Fuel  Conservation  by  Federal 
Ageneies”  (September  2005) — direeted  ageney  heads  and  department 
heads  to  take  appropriate  aetions  to  eonserve  energy  use  at  their  faeilities 
to  the  maximum  extent  possible,  thereby  eontributing  to  the  Katrina  relief 
efforts. 

DoD  Guidance 


Key  DoD  guidance  on  energy  is  as  follows: 

♦  DoD  Directive  4140.25,  “DoD  Management  Policy  for  Energy 
Commodities  and  Related  Services”  (April  2004) — updated  the  policies 
and  responsibilities  to  manage  energy  commodities,  minimize  the  number 
and  complexity  of  fuels  and  maximize  the  use  of  commercial  fuel,  and 
continued  the  authorization  to  publish  other  energy-related  guidance. 

♦  DoD  Instruction  5 126.47,  “Department  of  Defense  Energy  Policy  Council 
(DEPC)”  (December  1985) — established  the  DEPC  to  provide  for 
coordinated  review  of  DoD  energy  policies,  issues,  systems,  and 
programs. 

♦  DoD  Instruction  4 1 70. 1 1 ,  “Installation  Energy  Managemenf  ’  (November 
2005) — provided  procedures  for  DoD  installation  energy  management  and 
implemented  DoD  Directive  4140.25. 

♦  DoD  Energy  Manager ’s  Handbook — issued  to  assist  DoD  installation  and 
facility  energy  managers  with  effectively  performing  tasks  associated  with 
their  jobs.  The  handbook  contains  basic  information  and  references  to  other 
resources. 

♦  OUSD  Memorandum,  “Installation  Energy  Policy  Goals”  (November 
2005) — provided  facility  energy  management  goals  consistent  with 
current  legislative  requirements.  Executive  orders  and  the  direction  of  the 
department. 

Service-Specific  Regulations 


The  following  are  energy-related  regulations  issued  by  the  services: 

♦  Army  Regulation  11-27,  “Army  Energy  Program  (AEP)”  (February 
1997) — updated  policies,  procedures,  and  responsibilities  for  the  AEP. 
AEP  objectives  are  to  eliminate/reduce  energy  waste  in  facilities,  increase 
energy  efficiency  in  new/renovated  construction,  reduce  dependence  on 
fossil  fuels,  conserve  water  resources,  and  improve  energy  security. 

♦  SECNAV  Instruction  4I00.9A,  “Department  of  the  Navy  Shore  Energy 
Management  Program”  (October  2001) — dictated  policy,  guidance,  and 
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responsibilities  at  all  levels  within  the  Navy.  This  instruetion  supplements 
the  Department  of  the  Navy’s  Energy  Program  Business  Plan. 

Air  Foree  Energy  Program  Proeedural  Memorandum  (AFEPPM)  04-1 
(November  2004) — issued  as  the  implementation  plan  for  the  Air  Force 
energy  management  program.  The  strategy  to  support  energy  program 
objectives  specifically  applies  to  installation  operations,  although  mobility 
operations  are  mentioned.  Mobility  fuel  energy  consumption  would  be 
targeted  for  reduction  but  only  when  the  reduction  can  be  achieved 
without  degrading  capability. 


Appendix  D 

DoD  Energy  Initiatives 


DoD  has  undertaken  several  initiatives  to  address  energy  seeurity.  This  appendix 
discusses  some  of  them. 

OSD  Assured  Fuels  Initiative 


Stemming  from  growing  concerns  about  the  security  and  reliability  of  DoD’ s 
energy  sources,  the  OSD  Assured  Fuels  Initiative  is  a  multi-service/agency  effort, 
implemented  through  USD(AT&L),  that  is  intended  to  support  production  of 
clean  fuels  for  the  military  by  commercial  industry  from  secure  domestic 
resources,  while  mitigating  environmental  effects.  The  initiative’s  key  objectives 
are  as  follows: 

♦  Form  partnerships  with  industry,  academia,  and  civil  agencies  (DOE, 
Department  of  Transportation,  EPA,  Department  of  the  Interior, 
Department  of  Commerce,  etc.)  to  encourage  development  and  investment 
in  energy  resources 

♦  Develop  a  transition  plan  for  introducing  and  using  alternative  energy 
DoD-wide  and  a  roadmap  to  provide  fuel  to  the  joint  battle  space 

♦  Review  the  use  of  the  fuels  in  all  tactical  vehicles,  aircraft,  and  ships,  and 
develop  new  specifications  for  fuel  with  non-petroleum  components,  for 
use  in  these  vehicles. 

Energy  Security  IPT 


The  Energy  Security  IPT — a  task  force  with  representatives  from  the  military  ser¬ 
vices,  defense  agencies,  USD(AT&E),  USD(Policy),  and  U.S.  Transportation 
Command — ^was  formed  to  address  growing  concern  for  energy  security.  ^  Its 
goals  are  as  follows: 

♦  Address  the  strategic  planning  guidance  tasking: 

>  “Define  an  investment  roadmap  for  lowering  DoD’s  fossil  fuel  re¬ 
quirements  and  develop  alternate  fuels” 


*  Established  in  May  2006,  the  DDR&E  Energy  Seeurity  IPT  was  still  operational  at  the  time 
of  this  report.  The  reeommendations  in  this  report  should  be  eonsidered  tentative:  the  final  ree- 
ommendations  may  differ. 
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>  Present  “findings  on  the  total  delivered  eost  of  fuel  eonsumed  by  DoD 
platforms,  ineluding  logisties  and  foree  proteetion” 


>  Prepare  “proposals  to  improve  energy  effieieney  of  DoD  platforms” 

>  “Develop  reeommendations  to  enable  the  produetion  and  use  of  alter¬ 
nate  fuels,  espeeially  domestieally-soureed  fuels” 

♦  Provide  options  to  manage  finaneial  and  operational  ehallenges  generated 
by  eost  and  availability  of  oil  and  other  forms  of  energy. 

The  IPX  is  speeifieally  eoneemed  with  solutions  that  reduee  our  dependenee  on 
foreign  oil,  abroad  and  at  home.  The  IPT  divided  its  work  into  four  major  areas: 
platforms  and  weapons  systems,  future  fuels,  installations,  and  other  initiatives.  It 
developed  reeommendations  for  future  work  in  eaeh  of  these  areas,  putting  prior¬ 
ity  on  efforts  that  would  have  the  greatest  potential  return  for  the  least  investment. 
The  group’s  overarehing  reeommendations  are  to 

♦  establish  an  alternative  fuels  task  foree  to  eontinue  to  address  these  issues, 

♦  seek  efforts  that  will  inerease  platform  effieieney,  and 

♦  work  to  aeeelerate  installation  initiatives. 

The  speeifie  researeh  areas  supported  by  the  IPT  are 

♦  fuel  eonservation  for  mobility  platforms, 

♦  operational  effieieneies  as  demonstrated  by  eommereial  praetiees, 

♦  faeilities  energy  opportunities, 

♦  domestie  supply  options  (synfuels,  algae  to  biomass,  ete.),  and 

♦  inereased  effieieney  of  power  systems. 

AT&L/FT&R  Energy  Conversation  Series 


The  USD(AT&L)  and  the  Deputy  Assistant  Seeretary  of  Defense  for  Forees, 
Transformation  and  Resourees  have  eosponsored  an  Energy  Conversation  leeture 
series  to  engage  leaders  aeross  the  government  and  other  seetors  in  a  dialogue 
about  energy  as  a  national  seeurity  issue.  Monthly,  a  speaker  is  invited  to  lead  a 
eonversation  on  an  energy-related  topie.  Reeent  topics  have  included  sustainable 
IT  networks,  conversion  of  waste  to  energy,  and  climate  change. 
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Defense  Science  Board  Task  Force 
ON  Energy  Strategy 


The  Defense  Scienee  Board’s  Task  Force  on  Energy  Strategy,  comprising  senior 
DoD  civilians  and  representatives  outside  DoD,  was  established  to  do  the  follow¬ 
ing: 

♦  Identify  DoD  operational  and  strategic  constraints  and  vulnerabilities  cre¬ 
ated  by  optimizing  tactical  platforms  and  capabilities  without  regard  to  en¬ 
ergy  use. 

♦  Identify  programs  and  means  for  DoD  to  reduce  its  energy  demand,  par¬ 
ticularly  on  petroleum-based  fuels.  Identify  supporting  infrastructure  re¬ 
quirements. 

♦  Identify  and  assess  opportunities  for  DoD  to  produce  energy  for  its  own 
use. 

♦  Identify  synergistic  opportunities  for  renewable  and  alternative  energy 
sources  common  to  meeting  both  facility/infrastructure  and  transporta¬ 
tion/mobility  requirements. 

♦  Assess  second-  and  third-order  effects  that  may  create  opportunities  for 
DoD  to  transition  to  a  new  energy  strategy.  Identify  metrics  and  processes 
for  determining  true  costs  across  the  entire  life  cycle. 

♦  Identify  potential  technologies  to  assist  with  the  DoD  transition.  Assess 
DoD’s  ability  to  transition  these  technologies  to  achieve  some  level  of  en¬ 
ergy  independence. 

♦  Assess  the  impact  of  the  proposed  strategy  on  force  structure  and  the  de¬ 
partment’s  global  posture  realignment  effort. 

♦  Identify  institutional  and  organizational  barriers  to  this  transition. 

Clearly,  the  task  force,  scheduled  to  report  in  2007,  faces  a  significant  challenge. 
Their  task — broader  than  that  of  the  IPT,  which  did  not  grapple  with  policy — 
seems  to  be  strategy  and  policy  driven. 


^  Memorandum  from  Kenneth  J.  Krieg,  Under  Seeretary  of  Defense,  to  Chairman,  Defense 
Seienee  Board,  “Terms  of  Referenee — Task  Foree  on  DoD  Energy  Strategy,”  May  2,  2006. 
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Defense  Energy  Support  Center:  Fischer- 
Tropsch  Request  for  Information 


DESC,  within  the  Defense  Logistics  Agency,  Logistics  Operations,  recently 
released  a  request  for  information  (RLI)  seeking  to  identify  and  get  information 
from  potential  suppliers  of  synthetic  aviation  fuel,  specifically  those  generated 
using  the  Lischer-Tropsch  process.  DoD  is  investigating  the  feasibility  of 
delivering  as  much  as  200  million  gallons  of  synthetic  aviation  fuels — half  of 
which  is  JP-8  equivalent — during  2008.  The  RLI  also  expressed  an  interest  in  the 
long-term  manufacture  and  supply  of  increasing  quantities  of  aviation  synthetic 
fuels  from  domestic  resources. 

Hydrogen  Research  and  Development 
Task  Force 


The  White  House  Office  of  Science  and  Technology  Policy  established  an 
interagency  task  force  as  an  outgrowth  of  the  President’s  Hydrogen  Luel 
Initiative.  The  task  force’s  purpose  is  to  coordinate  the  eight  federal  agencies  that 
fund  hydrogen-related  R&D.  The  task  force  has  the  following  responsibilities: 


♦  Develop  an  extensive  database  of  past,  present,  and  potential  future 
hydrogen  activities  within  the  federal  government 

♦  Provide  agencies  with  guidance  for  the  direction  of  their  research 

♦  Identify  potential  areas  for  interagency  collaboration 

♦  Manage  the  development  and  implementation  of  a  10-year  interagency 
coordination  plan. 


JASON  Technology  Study 


A  recent  report.  Reducing  DoD  Fossil-Fuel  Dependence,  provided  recommenda- 
tions  and  findings  regarding  DoD’s  energy  future.  The  study  pursued  five  major 
tasks,  one  of  which  was  to  explore  technology  options  for  reducing  DoD’s  de¬ 
pendence  on  foreign  fuels.  The  study  also  analyzed  the  viability  of  technologies  to 
provide  the  performance  needed  by  DoD  platforms,  an  essential  requirement  for 
insertion  of  alternative  energy  options  in  the  foreseeable  future. 


^  P.  Dimotakis,  N.  Lewis,  R.  Grober,  and  others,  Reducing  DoD  Fossil-Fuel  Dependence, 
JSR-060135  (MeLean,  VA:  JASON  Program  Offiee,  MITRE,  2006). 
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The  JASON  study  presented  the  following  findings,  organized  in  overarehing 
eategories: 

♦  Global,  domestic,  and  DoD  fossil-fuel  supplies.  DoD  will  have  no  fossil- 
fuel  shortages  in  the  next  25  years,  assuming  no  major  worldwide  upheav¬ 
als  or  other  politieal  ehanges  that  eould  ehange  aeeess  to  fossil  fuels. 

♦  DoD  fuel  cost.  Fuel  eosts  represent  only  2.5  to  3  pereent  of  the  defense 
budget,  but  the  JASON  study  suggests  that  DoD  eurb  fuel  use,  primarily 
beeause  the  burden  of  transporting  fuel  adds  signifieantly  to  fuel  eosts  and, 
on  the  battlefield,  ean  eost  lives. 

♦  Decreasing  DoD  fuel  use.  The  greatest  potential  for  redueing  DoD  fuel 
use  is  through  the  use  of  unmanned  vehieles. 

♦  Liquid  fuels  from  coal  or  natural  gas.  The  most  favorable  supply  alterna¬ 
tive  for  DoD  is  liquid  fuels  from  stranded  natural  gas  (a  natural  gas  field 
not  eonsidered  usable  for  eeonomie  or  physieal  reasons).  As  energy  priees 
inerease,  this  option  beeomes  inereasingly  eoonomieally  viable.  Under¬ 
ground  eoal  gasifieation  is  the  next-best  alternative,  but  is  aeeeptable  from 
an  environmental  perspeetive  only  if  the  earbon  dioxide  is  sequestered. 

♦  Biofuels.  Biofuels  do  not  have  mueh  potential.  If  the  alternatives  are  to  be 
eonsidered  for  DoD,  the  biofuels  eommunity  must  demonstrate  sustain¬ 
ability  through  a  life-eyele  analysis. 

The  following  JASON  reeommendations  are  partieularly  relevant  to  DoD  energy 
seeurity: 

♦  Optimize  exploitation  of  eommereial  aviation  fuels 

♦  Reengineer  Ml  tank,  B-52  bomber,  and  other  major  materiel  to  exploit 
modem  engine  teehnology 

♦  Leverage  modern  design  using  lightweight  materials,  without  down¬ 
armoring 

♦  Consider  new  designs  in  unmanned  vehieles  and  platforms. 

DARPA  Petroleum-Free  Military  Workshop 


In  2005,  DARPA  eonvened  a  3 -day  workshop  to  explore  ideas  for  alternative  en¬ 
ergy.  The  workshop  brought  together  aeademies,  seientists,  eeonomists,  and  mili¬ 
tary  representatives.  Partieipants  were  asked  to  eonsider  eomplete  shifts  in  the 
areas  of  energy  obsoleseenee,  energy  transfer,  energy  effieieney,  and  energy 
souree. 
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Attendees  generated  ideas  for  solutions,  without  regard  for  praetieality.  The  group 
eoneluded  that  no  single  “silver  bullet”  would  allow  the  military  to  maintain  peak 
operational  eapability  while  eliminating  relianee  on  fossil  fuel.  Standardizing 
eleetrie  generation  instead  of  using  liquid  fuel  eould  inerease  fuel  flexibility  be- 
eause  eleetrieity  ean  be  generated  from  a  variety  of  resourees.  Effieieney  im¬ 
provements  in  operations,  eombined  with  those  in  the  systems  and  platforms  used, 
and  more  relianee  on  information  management  and  diserimination  eould  greatly 
reduee  the  need  for  liquid  hydroearbon  fuels.  Suggestions  from  this  workshop  in- 
eluded  the  following: 

♦  Use  and  exploit  loeal  resourees 

>  Reduee  the  logistie  burden  of  supporting  operations 

>  Exploit  loeal  energy 

>  Consult  with  loeal  governments 

>  Seeure  loeal  power  generation  and  distribution 

♦  Develop  speeialized,  task-oriented  systems 

>  Rely  more  on  unmanned  autonomous  platforms 

>  Inerease  individual  eapabilities  and  provide  personal  power  sourees 

♦  Develop  extra-theater  standoff  eapabilities 

>  Inerease  teleeommuting  ability 

>  Improve  satellite  systems 

♦  Ensure  universal  eonneetivity  for  information  flow  and  inerease  modeling 

and  simulation 

♦  Use  a  theater-wide  network  for  timely  eolleetion  and  transmission  of  in¬ 
formation  and  inerease  wireless  teleeommunieations  availability. 
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Appendix  E 

LMI  Technology  Survey 


In  this  appendix,  we  provide  a  brief  survey  of  technologies  that  may  facilitate  en¬ 
ergy  efficiency  and  renewable  energy  or  present  opportunities  to  improve  energy 
security  for  DoD.  For  each  technology,  the  discussion  highlights  the  potential  for 
DoD  applications  in  each  area,  along  with  any  strategic,  operational,  fiscal,  and 
environmental  considerations.  We  categorize  the  technology  opportunities  as  sup- 
ply-side  technologies,  technologies  for  increased  efficiency,  and  cross-cutting 
technologies  (batteries  and  power  generation  technologies). 

Supply-Side  Technologies 

Synthetic  Fuels 

Synthetic  fuels  are  one  of  the  most  promising  alternatives  for  DoD  in  the  near 
term.  Sometimes  referred  to  as  Fischer-Tropsch  or  FT  fuels  (a  name  based  on  the 
chemists  who  developed  the  process),  they  are  a  mixture  of  hydrocarbons  pro¬ 
duced  in  a  two-step  process:  partial  oxidation  of  coal  or  natural  gas  followed  by 
reduction  of  the  gas  over  a  catalyst  to  produce  straight-chain  hydrocarbons.  Syn¬ 
thetic  fuel  is  generally  designed  to  behave  much  like  conventional  fuel — requiring 
little  or  no  change  in  the  equipment  that  uses  it  or  the  infrastructure  for  storing 
and  distributing  it — ^which  makes  it  highly  desirable  to  DoD.  Particulate  emis¬ 
sions  are  also  reduced  because  of  its  lack  of  aromatic  components.' 

Synthetic  fuels  present  unique  challenges  because  of  their  composition  and  must 
be  qualified  for  use  as  a  DoD  fuel.  Vehicles  and  platforms  run  on  conventional 
fuels,  so  developers  need  to  ensure  compatibility  with  current  fuel  system  designs. 
SASOL  in  South  Africa  has  been  producing  a  blend  containing  the  necessary 
aromatics  to  ensure  system  design  performance.  In  September  2006,  DoD  suc¬ 
cessfully  tested  a  50-50  blend  of  synthetic  and  conventional  fuel  in  a  B-52 
bomber.  The  Air  Force  testing  program  will  determine  whether  using  mixtures 
with  conventional  oil  blend  stocks  has  any  deleterious  effects. 

Synthetic  fuels  also  present  environmental  considerations  due  to  the  production 
process.  Without  carbon  sequestration,  a  coal-to-liquid  process  produces  twice  as 
much  CO2  as  petroleum-based  fuel  for  the  equivalent  mechanical  power  delivered. 
SASOL  is  reported  to  be  the  largest  CO2  producer  in  Africa  and  possibly  the 
world.  Although  carbon  capture  and  sequestration  is  an  option,  it  may  increase 


'  NREL,  “Gas-to-Liquid  Fuels,”  Nonpetroleum  Based  Fuels,  http://www.iirel.gov/ 
vehielesandfuels/npbf/gas  liquid.html,  Oetober  2006. 
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production  costs  by  25  to  40  percent  and  introduces  its  own  set  of  technical  uncer¬ 
tainties.^ 

Another  challenge  of  synthetie  fuels  is  cost  and  availability.  The  base  cost  of  this 
fuel  is  up  to  10  times  that  of  conventional  fuel.^  Because  of  the  high  capital  cost 
associated  with  synthetic  fuel  teehnology,  few  domestie  companies  can  guarantee 
production  of  the  large  quantities  DoD  needs  without  a  long-term  contract  or 
other  commitment.  As  synthetie  blends  are  inereasingly  used,  the  cost  will  likely 
fall.  A  reeent  Scully  Capital  report  indicates  that  a  30,000  barrel  per  day  plant 
could  produce  FT  fuel  at  about  $70  per  barrel  (plus  or  minus  30  percent),  depend¬ 
ing  on  investment  assumptions  and  long-term  delivery  contracts."^ 

DESC  reeently  issued  a  request  for  information  (RFI)  on  industry’s  capability  to 
supply  200  million  gallons  of  synthetic  jet  fuel  (100  million  of  JP-8  for  the  Air 
Force  and  100  million  of  JP-5  for  the  Navy),  which  resulted  in  28  responses.  All 
responders  proposed  using  either  a  gas-  or  coal-to-liquid  method  to  create  the 
fuel — offering  no  renewable  source  methods.  Furthermore,  the  comments  re¬ 
ceived  from  the  RFI  revealed  that  the  industry  needs  longer-term  contracts  and 
some  type  of  pricing  floor  or  guarantees  to  allow  reeovery  of  their  large  capitali¬ 
zation  costs.  These  elements  may  require  legislative  action,  which  DoD  is  prepar¬ 
ing  and  discussing. 

Today,  viable  large-scale  synthetic  fuels  are  derived  from  nonrenewable  sources, 
but  that  is  likely  to  ehange.  In  Germany,  Shell  Oil  has  partnered  with  Choren  In¬ 
dustries  to  produce  a  biomass-derived  synthetie  fuel,  and  DaimlerChrysler  and 
Volkswagen  are  supporting  the  teehnology  for  their  diesel  vehieles  because  no 
modifieations  are  required.^ 


Biofuels 


In  2004,  biomass  provided  2.85  quadrillion  Btu  of  energy  to  the  United  States, 
making  it  the  leading  souree  of  renewable  energy  in  the  nation  for  4  eonseeutive 
years.  In  2002,  DOF’s  Energy  Information  Administration  compiled  a  report  de¬ 
tailing  the  uses  of  different  renewable  fuels  throughout  the  country  and  found  that 
biomass  was  the  source  of  47  pereent  of  all  renewable  energy  produeed  in  the 
United  States.  Industry  dominates  biomass  energy  use. 


^  P.  Dimotakis,  N.  Lewis,  R.  Grober,  and  others,  Reducing  DoD  Fossil-Fuel  Dependence, 
JSR-060135  (MeLean,  VA:  JASON  Program  Offiee,  MITRE,  2006),  pp.  55-58. 

^  Alex  Kaplun,  “Energy  Poliey:  DoD  Researeh  Can’t  Drive  Alternative  Energy  Market,  Offi- 
eials  Say,”  Environment  and  Energy  Daily,  September  2006. 

David  Berg,  Brian  Oakley,  and  Andy  Paterson,  “The  Business  Case  for  Coal  Gasifieation 
with  Co-Produetion”  (briefing  for  DoD’s  Energy  Seeurity  IPT,  Washington,  DC,  Deeember  19, 
2006). 

^  CHOREN  Industries,  “Shell  Partners  with  CHOREN  in  the  World’s  First  Commereial  Sun- 
Fuel  Development,”  http://www.ehoren.eom/en/ehoren/information_press/press_releases/?nid=55. 
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Biofuels  are  eonsidered  to  be  net  earbon-neutral,  meaning  they  do  not  eontribute 
to  inereasing  the  greenhouse  gases  in  the  atmosphere  beeause  the  carbon  dioxide 
released  is  recaptured  as  the  next  crop  is  grown.  Biofuels  show  promise,  due  in 
large  part  to  the  diversity  of  options  in  this  category. 

Ethanol  AND  Biodiesel 

Residues  from  paper  mills  and  other  wood-derived  sources  are  the  largest  sources 
of  biomass  fuel,  though  production  and  use  of  ethanol  and  biodiesel  from  agricul¬ 
tural  crops  are  increasing  sharply.  Ethanol  and  biodiesel  have  the  potential  to  re¬ 
duce  petroleum  consumption  and  toxic  emissions.  Ethanol  can  be  blended  with  or 
substituted  for  gasoline,  and  biodiesel  can  be  blended  with  or  substituted  for  die¬ 
sel  fuel.  These  biofuels  differ  from  gasoline  and  diesel  because  they  contain  oxy¬ 
gen,  and  although  that  decreases  their  intrinsic  energy  value,  they  combust  more 
completely  than  the  aromatic-containing,  petroleum-based  gasoline  and  diesel, 
reducing  emissions. 

Two  biofuels  in  current  use  are  B20  and  E85.^  These  fuels  will  help  DoD  installa¬ 
tions  reach  their  2005  Environmental  Protection  Act  requirements  for  using  alter¬ 
native  energy  sources.  All  services  are  implementing  either  biodiesel  or  E85  in 
some  of  their  installation  vehicles.  The  Navy  has  a  goal  of  increasing  the  use  of 
alternative-fueled  vehicles  through  the  use  of  E85,  biodiesel,  and  community  elec¬ 
tric. 

In  early  2006,  ethanol  made  from  corn  grain  displaced  more  than  2  percent  of  the 
gasoline  in  the  Elnited  States.  With  advances  in  technology,  cellulosic  ethanol 
(produced  from  the  stalk  and  other  waste  portions  of  the  plant)  is  expected  to  offer 
greater  efficiency  and  the  potential  to  displace  even  more  fossil  fuel  use. 

Using  crops  for  energy  may  displace  their  use  for  food,  possibly  causing  a  sharp 
rise  in  food  prices.  The  crops  needed  to  produce  biodiesel  and  ethanol  require 
substantial  amounts  of  land.  Eor  example,  14  percent  of  U.S.  corn  production  was 
required  to  produce  the  2  percent  gasoline  displacement  noted  above. ^  Other  con¬ 
cerns  are  the  merits  and  challenges  of  using  cellulosic  ethanol  because  of  its  po¬ 
tential  impact  on  the  soil  quality.  Com  stover  (the  stalks)  is  routinely  plowed  back 
into  the  soil  to  replenish  nutrients.  Using  the  entire  plant  in  fuel  production  would 
divert  stover  from  soil  replenishment,  which  may  deplete  future  productivity  of 
the  land. 

Current  biofuels  are  not  a  suitable  replacement  for  jet  fuels.  According  to  the  Na¬ 
tional  Renewable  Energy  Eaboratory  (NREE),  ethanol  does  not  have  the  energy 
density  to  serve  as  jet  fuel,  and  biodiesel,  though  containing  an  energy  density 
that  is  90  percent  that  of  the  present  jet  fuel,  solidifies  at  the  low  temperatures  that 


®  NREL,  “Gas-to-Liquid  Fuels,”  Nonpetroleum  Based  Fuels, 
http://www.nrel.gov/vehiclesandfuels/npbf/gas_liquid.html,  October  2006. 
’  See  Note  2. 
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exist  at  high  altitudes.  Therefore,  other  options,  whieh  satisfy  the  two  require¬ 
ments  (energy  density  and  low  solidifieation  point),  must  be  considered  for  bio¬ 
based  jet  fuel. 


Biobutanol 


Another  biofuel  that  has  not  received  much  press  but  represents  a  valuable  energy 
source  is  biobutanol,  which  is  developed  in  a  process  similar  to  that  of  ethanol, 
but  uses  a  bacteria  rather  than  yeast  to  produce  energy  via  a  sugar  fermentation 
process.  In  the  United  Kingdom,  a  DuPont-British  Petroleum  (BP)  joint  effort  is 
focused  on  biobutanol  development,  as  well  as  smaller  ventures  in  the  United 
States. 

Biobutanol  has  higher  energy  content  than  ethanol,  making  its  miles-per-gallon 
performance  more  similar  to  that  of  gasoline.  Once  developed,  biobutanol  can  be 
used  as  a  substitute  for,  or  in  conjunction  with,  ethanol  in  conventional  gasoline 
blends.  Another  advantage  is  the  reduced  miscibility  with  gaskets  and  seals, 
which  reduces  corrosivity,  allowing  it  to  be  used  without  modification  to  gas 
tanks  and  making  it  transportable  via  existing  pipelines. 

DuPont-BP  researchers  expect  the  first  line  of  biobutanol,  which  will  be  gener¬ 
ated  using  current  technology,  to  be  available  by  2007;  a  second  line — using 
newer,  higher  conversion  technology — is  aimed  at  commercial  sale  in  2010.  Al¬ 
though  this  technology  shows  promise  as  a  short-term,  supply-side  source  of  fuel, 
its  impact  on  DoD  would  be  minor.  Like  any  non-petroleum-based  fuel,  its  use  is 
limited  to  installation  use  for  nontactical  vehicles  running  on  conventional  gaso¬ 
line. 


Microalgae 


As  stated  previously,  present  jet  engine  technology  does  not  allow  the  use  of  bio¬ 
diesel  or  ethanol  in  place  of  jet  fuel.  One  alternative  that  has  the  potential  for  use 
in  planes  is  the  fatty  oil  components  found  in  microalgae.  Harvesting  algae  for 
production  as  a  fuel  is  an  exciting  technology.  The  oils  in  microalgae  can  be  proc¬ 
essed  to  make  a  fuel  similar  to  JP-8  (Figure  E-1). 


*  NREL,  Jet  Fuel  from  Microalgal  Lipids,  July  2006. 
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Figure  E-1.  Raceway  Pond  System  in  Israel  Growing  Microalgae 


Courtesy  of  NREL. 


NREL  has  researched  microalgae  for  two  decades,  cataloging  over  300  species.^ 
In  1996 — ^when  diesel  was  less  than  60  cents  per  gallon — ^NREL  discontinued  its 
Aquatic  Species  Program, but  is  now  working  to  reestablish  it  because  the  cost 
of  fuel  has  grown  and  the  technology  has  more  economic  potential. 

DoD  should  continue  to  pay  attention  to  this  technology.  NREL  believes  that  this 
type  of  fuel  could  become  price  competitive  as  early  as  2010.'^  But  others  suggest 
that  it  is  a  much  longer-term  technology,  citing  several  major  hurdles,  including 
the  landmass  and  water,  fertilization,  harvesting,  and  processing  requirements. 

DARPA  Biofuels  Program 

The  DARPA  Biofuels  Program  recently  arrived  on  the  alternative  fuels  scene. 

This  program  seeks  an  affordable  bio-based  alternative  to  petroleum-derived  JP-8. 
DARPA  recently  issued  broad  agency  announcement  (BAA)  06-43  for  R&D  ef¬ 
forts  to  develop  a  process  that  “efficiently  produces  a  surrogate  for  petroleum 
based  military  jet  fuel  (JP-8)  from  oil-rich  crops  produced  by  either  agriculture  or 

aquaculture  (including  but  not  limited  to  plants,  algae,  fungi,  and  bacteria)  and 

12 

which  ultimately  can  be  an  affordable  alternative  to  petroleum-derived  JP-8.” 

The  primary  objective  of  the  BAA  is  a  cost-efficient  oil-to-JP-8  conversion  proc¬ 
ess  combined  with  biofuel  characteristics  that  allow  for  direct  substitution  as  an 
aviation  fuel.  If  DARPA  succeeds  in  this  effort,  this  technology  could  have  a  sub¬ 
stantial  impact  on  longer-term  DoD  strategies. 


^  Olivier  Danielo,  “An  Algae-Based  Fuel,”  Biofuture,  May  2005. 

NREL,  A  Look  Back  at  the  U.S.  Department  of  Energy ’s  Aquatic  Species  Program: 
Biodiesel  from  Algae  Close-Out  Report, 

http  ://www.eere. energy.gov/biomass/pdfs/biodiesel_from_algae.pdf. 

*’  NREL,  “Field  Test  Laboratory  Building,”  NREL  Facilities,  Oetober  2006. 
FedBizOpps,  “BAA06-03  BioFuels,”  July  5,  2006. 
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Hydrogen 


DoD  is  working  to  develop  supply-side  technologies  associated  with  the  introduc¬ 
tion  of  hydrogen  as  a  fuel.  Working  collaboratively  with  other  federal  agencies 
and  industry,  an  ad  hoc  group  has  been  investigating  the  challenges  of  production, 
storage,  and  distribution.  The  objective  is  to  poise  DoD  as  an  early  adopter  and 
principal  demonstrator  of  the  technology  where  it  contributes  to  the  mission  of  the 
department.  DoD,  as  an  energy  consumer,  would  provide  demand  and  help  close 
gaps  as  the  technology  continues  to  advance. 

The  Department  of  Transportation  (DOT),  DOE,  DoD,  and  many  transportation 
and  safety-related  federal  agencies  participate  in  an  interagency  working  group 
that  promotes  the  consideration  and  advancement  of  hydrogen-  and  fuel-cell- 
related  research.  The  DOT  Hydrogen  Working  Group  created  a  road  map  to  detail 
the  hydrogen-related  initiatives  in  the  member  organizations  and  provide  an  out¬ 
reach  tool  for  other  federal  and  civil  organizations.  Congress,  and  members  of  the 
public  interested  in  hydrogen-based  technologies.  The  document’s  primary  pur¬ 
pose  is  to  describe  DOT  activities  and  discuss  the  infrastructure  and  planning  nec¬ 
essary  to  establish  a  national  hydrogen-based  transportation  system.  It  details 
several  initiatives  related  to  hydrogen-based  transportation,  some  of  which  hold 
significant  potential  for  DoD  application. 

Medium  and  heavy-duty  vehicle  hydrogen  technology  is  one  of  the  road  map’s 
central  focuses.  In  fact,  the  research  DOT  has  done  supports  the  idea  that  these 
larger  vehicles  will  be  the  first  to  effectively  utilize  hydrogen  fuel  technology, 
possibly  laying  the  groundwork  for  the  transition  of  lightweight  vehicles  and  in¬ 
frastructure  to  a  hydrogen-based  economy.  DOT  is  focusing  in  particular  on  the 
application  of  hydrogen  technology  to  public  buses  and  water-going  vessels,  in¬ 
cluding  shuttles,  ferries,  and  deepwater  passenger  and  freight  vessels.  On  mari¬ 
time  vessels,  hydrogen  use  potentially  applies  to  propulsion  and  onboard 
electrical  generation. 

Hydrogen  technology  can  be  more  easily  implemented  in  medium-  and  heavy¬ 
weight  vehicles  than  in  small  private  vehicles  for  several  reasons,  most  of  which 
could  apply  to  military  vehicles.  Vehicles  that  can  be  refueled  at  central  locations, 
such  as  buses  and  defense  vehicles,  can  be  served  by  hydrogen  fuel  without  a  hy¬ 
drogen  fuel  infrastructure  already  in  place.  Furthermore,  these  heavier  vehicles, 
both  in  the  civilian  and  military  sectors,  are  operated  by  trained  professionals, 
who  will  be  more  able  to  adapt  to  the  introduction  of  hydrogen  technology.  The 
Federal  Transit  Administration  is  researching  and  developing  a  heavy-duty  fuel 
cell  bus,  an  automotive-based  fuel  cell  hybrid  bus,  and  a  hydrogen  internal  com¬ 
bustion  engine  hybrid  bus. 

Implementation  of  hydrogen-based  fuel  technology  in  medium-  and  heavy-duty 
vehicles  is  likely  a  long-term  proposition,  though  initial  deployment  could  begin 
as  early  as  2010  to  2015. 
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Nuclear  Power 

T ECHNOLOGY  OVERVIEW  AND  CURRENT  T RENDS 

Currently,  104  licensed  power  reactors  in  the  United  States  are  producing  ap¬ 
proximately  20  percent  of  the  nation’s  electricity  supply.  The  U.S.  Navy  also 
maintains  10  commissioned  nuclear-powered  aircraft  carriers  and  more  than  60 
nuclear-powered  submarines.  Nuclear  power  plants  utilize  the  controlled  fission 
reaction  of  a  radioactive  fuel  to  produce  heat,  which  can  in  turn  be  used  for  elec¬ 
tricity  generation,  propulsion,  or  powering  other  chemical  processes  that  require  a 
heat  source.  Nuclear  power  plants  can  generate  tremendous  amounts  of  energy 
from  relatively  compact  fuel  sources — usually  enriched  uranium  and  plutonium — 
with  limited  pollution  or  greenhouse  gas  emissions  from  the  actual  operation  of 
the  reactor  and  associated  power  plant.  However,  nuclear  power  plants  carry  other 
significant  risks,  including  the  safe  production,  storage,  and  disposal  of  radioac¬ 
tive  fuels;  control  of  the  heat  and  radiation  produced  during  reactor  operation;  and 
the  threat  of  nuclear  proliferation  if  highly  enriched  nuclear  fuels  (which  may  be 
used  to  produce  nuclear  weapons)  fall  into  the  hands  of  terrorists  or  enemy  states. 
These  safety  and  proliferation  concerns  limit  the  ability  to  employ  nuclear  power 
in  most  tactical  military  applications. 

Power  reactors  (those  used  to  generate  power  for  commercial  use)  are  usually 
classified  by  the  type  of  coolant  used  to  remove  heat  from  the  reactor  and  moder¬ 
ate  (control  the  level  of)  the  nuclear  chain  reaction.  All  operational  U.S.  reactors 
utilize  either  pressurized  or  boiling  water  as  the  cooling  mechanism.  In  the  most 
popular  design,  the  pressurized  water  reactor,  pressurized  coolant  is  circulated 
through  the  reactor  plant  and  is  then  used  to  produce  steam  for  power  generation 
or  propulsion  (see  Figure  E-2).  The  predominance  of  this  design  in  the  United 
States  can  be  traced  to  the  Navy’s  decision  to  select  this  reactor  design  for  subma¬ 
rines  in  the  late  1940s. 
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Figure  E-2.  Typical  Pressurized  Water  Reactor  Plant 


Source:  Nuclear  Regulatory  Commission. 

Other  reactor  designs  have  been  employed  more  widely  outside  the  United  States. 
The  Canadian  CANDU  reactor  design  uses  heavy  water  (whose  molecules  contain 
deuterium  instead  of  hydrogen).  Several  nations,  including  the  United  Kingdom, 
have  employed  high-  and  low-temperature  gas-cooled  reactors.  Japan,  France,  and 
the  former  Soviet  Union  developed  fast-breeder  reactors,  cooled  with  liquid  so¬ 
dium,  which  use  uranium  fuel  but  produce  additional  uranium  and  plutonium  fu- 
els  as  a  byproduct.  Flowever,  breeder  reactors  also  present  significant  risks  for 
weapons  proliferation  because  the  fuel  produced  is  suitable  for  nuclear  weapons 
use.  The  former  Soviet  Union  also  developed  a  class  of  graphite-moderated  and 
water-cooled  breeder  reactors,  including  the  one  involved  in  the  Chernobyl  acci¬ 
dent. 

Reactor  plant  protection  and  containment  systems  have  been  considerable  im¬ 
proved  in  recent  decades,  but  most  traditional  reactor  designs  are  still  not  inher¬ 
ently  safe.  Rather,  they  require  some  form  of  active  protection  system  to  cool  the 
reactor  and  prevent  it  from  meltdown  even  after  the  critical  reaction  stops.  These 
inherent  safety  concerns,  highlighted  by  the  accidents  at  Three  Mile  Island  and 
Chernobyl,  have  led  to  a  considerable  worldwide  backlash  against  nuclear  power. 
Following  Three  Mile  Island  and  Chernobyl,  nuclear  plant  construction  has  been 
severely  curtailed  in  most  other  countries,  either  through  outright  moratoriums  or 
increasing  regulatory  and  political  obstacles  that  limit  the  financial  viability  of 
new  power  plant  construction.  The  last  successfully  completed  nuclear  power 

International  Atomic  Energy  Agency,  “Advanced  Reactors  Fact  Sheet,”  1999, 
http://www.iaea.org/Publications/Factsheets/English/advrea.htrnl. 
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plant  order  in  the  United  States  was  plaeed  in  1974.  Most  reeent  power  plant  eon- 
struetion  has  oeeurred  either  in  Asia  or  in  the  former  Soviet  Union.  Aeeording  to 
the  International  Atomie  Energy  Ageney,  only  13  eountries — Argentina,  Bulgaria, 
China  (ineluding  Taiwan),  Finland,  India,  Iran,  Japan,  Korea,  Pakistan,  Romania, 
Russia,  Taiwan  and  the  Ukraine — were  planning  new  reaetor  eonstruetion.'"^  Nu- 
elear  power  eontinues  to  eonstitute  a  signifieant  souree  of  power  in  the  United 
States,  but  eleetrieity  generation  eapaeity  has  generally  been  maintained  by  ex¬ 
tending  the  life  of  existing  plants  and  inereasing  their  power  ratings. 

Despite  the  dearth  of  new  plant  eonstruetion,  inereasing  eoneern  over  greenhouse 
gas  emissions,  eoupled  with  rising  eost  of  petroleum  fuels,  has  led  to  a  renewed 
interest  in  eivilian  nuelear  power  in  the  past  deeade.  The  2001  National  Energy 
Poliey  ealled  for  inereasing  nuelear  power  generation  eapaeity  to  enhanee  energy 
supply  diversity  and  reliability.'^  In  2002,  the  Department  of  Energy  instituted  the 
Nuelear  Power  2010  program,  a  publie-private  partnership  to  promote  new  power 
plant  development  in  the  United  States.'^  The  program  has  focused  on  a  number 
of  advanced  light  water  power  plant  designs  with  the  potential  for  future  commer¬ 
cialization. 

One  of  the  most  promising  new  reactor  designs  outside  the  United  States  is  the 
Pebble  Bed  Modular  Reactor  (PBMR),  which  uses  a  helium  coolant  and  is  classi¬ 
fied  as  a  high-temperature  gas-cooled  reactor.  A  distinctive  feature  of  the  PBMR 
is  the  inherent  safety  of  the  fuel  design.  Unlike  traditional  reactors,  the  PBMR 
fuel  is  contained  in  thousands  of  small  pellets  that  are  dispersed  inside  the  reactor 
vessel  and  cannot  melt  down  in  the  event  of  a  loss  of  reactor  coolant.  The  PBMR 
has  a  relatively  low  power  rating  (165  kW),  but  is  designed  for  modular  operation 
with  multiple  units  operating  in  parallel.  The  high  operating  temperature  also  pro¬ 
vides  the  potential  for  its  use  in  extracting  hydrogen  from  fossil  fuels  or  generat¬ 
ing  synthetic  fuels,  applications  that  may  be  of  interest  to  the  military.  The  PBMR 
is  being  developed  by  the  South  African  Pebble  Bed  Modular  Reactor  Company, 
PBMR  (Pty)  Etd.  The  company  plans  to  begin  construction  on  a  prototype  reactor 
in  2007,  with  commercialization  anticipated  in  2013. 

Traditional  Military  Applications 

All  three  services  experimented  with  nuclear  reactor  designs  for  propulsion  and 
power  generation  following  World  War  II,  but  only  the  Navy  continues  to  build 
power  reactors.  The  Army  Corps  of  Engineers  operated  a  nuclear  power  program 
from  1952  to  1979,  producing  portable  reactors  for  power  in  remote  areas,  includ¬ 
ing  Sundance,  WY;  Camp  Century,  Greenland;  and  McMurdo  Sound  in 

International  Atomic  Energy  Commission.  “Nuclear  Reactor  Information  System,”  2006, 
http://www.iaea.org/programmes/a2/index.html. 

National  Energy  Policy  Development  Group,  National  Energy  Policy,  2001, 
http  ://www.  whitehouse.gov/ energy/National-Energy-Policy.pdf 

DOE  Office  of  Nuclear  Energy,  “Nuclear  Power  2010  Fact  Sheet,”  2006, 
http://np2010.ne.doe.gOv/np2010.pdf 

See  https://www.pbmr.com/. 
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Antarctica.  The  Army  also  developed  plans  in  the  1960s  for  a  military  eompaet 
reaetor  that  would  be  used  as  part  of  a  portable  energy  depot  to  produee  synthetie 
fuels  for  the  battlefield,  but  later  abandoned  this  design  due  to  eoneerns  about 
eost-effectiveness  and  the  uncertainty  of  developing  enabling  teehnologies.  The 
Air  Foree  also  experimented  with  nuelear  power  for  airerafts  and  satellites,  but 
has  largely  abandoned  those  efforts. 

The  eost,  size,  manpower  requirements,  and  safety  considerations  of  nuclear 
power  have  largely  relegated  its  use  by  the  U.S.  military  only  to  situations  in 
whieh  it  provides  a  unique  benefit  or  attribute.  Nuelear  power  provides  the  ability 
for  ships  to  transit  long  distanees  at  high  speed  and  stay  on  station  indefinitely 
without  refueling,  and  it  provides  the  unique  benefit  of  high-speed  air- 
independent  propulsion  for  submarines.  The  ready  availability  of  seawater  for 
reactor  cooling  and  shielding  also  simplifies  naval  nuelear  power  plant  design. 

In  addition,  sueeessful  nuelear  power  plant  operation  requires  a  eadre  of  skilled 
operators  and  the  development  of  an  organizational  eulture  that  emphasizes  safety 
and  reliability.  The  Navy  maintains  a  rigorous  nuelear  power  training  program 
and  has  ereated  these  “high-reliability  organizations”  aboard  its  ships,  but  it 

would  be  difficult  to  replicate  this  environment  for  land-based  reaetor  plants  in  an 
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operational  environment. 

Potential  New  Military  Applications 

The  Air  Foree  Researeh  Lab  reeently  examined  the  feasibility  of  nuclear-powered 
unmanned  aerial  vehicles  (UAVs)  using  a  quantum  nuelear  reactor  that  releases 
power  from  a  radioaetive  souree  (hafnium  178)  using  x-rays.  This  design  eould 
be  inherently  safer  than  a  eonventional  fission  reaetor,  beeause  hafnium  178  is 
mueh  less  radioactive  than  other  nuclear  fuels  and  beeause  the  nuelear  reaction 
would  subside  quiekly  if  the  x-ray  souree  were  removed.  However,  the  potential 
would  remain  for  long-lived  radioaetive  eontamination  if  the  UAV  were  to  erash. 

The  most  promising  new  military  applieations  for  nuelear  power  might  eome 
about  in  eonjunetion  with  the  employment  of  alternative  fuels,  sueh  as  hydrogen 
or  FT  fuels,  whieh  require  high  temperatures  to  produee.  In  a  2001  artiele  in  Army 
Logistician  magazine,  Robert  Pfeffer  from  the  Army  Nuelear  and  Chemieal 
Ageney  and  William  Maeon  Jr.  from  the  Nuelear  Regulatory  Commission  advo¬ 
cated  the  renewed  development  of  the  Army’s  remote  “energy  depot”  designs 
from  the  1960s,  using  a  high-temperature  PBMR  to  produee  hydrogen  as  a  fuel 


**  Robert  A.  Pfeffer  and  William  A.  Macon  Jr.,  “Nuclear  Power:  An  Option  for  the  Army’s 
Future,”  Army  Logistician,  Sept-Oct  2001, 
http://www.almc.army.miFalog/issues/SepOct01/MS684.htm. 

Other  air-independent  power  sources  have  emerged  in  the  last  decade,  but  they  do  not  pro¬ 
vide  enough  power  for  high-speed,  long-endurance  operations. 

Robert  Pool,  Beyond  Engineering  (Oxford:  Oxford  University  Press,  1997),  pp.  249-278. 

Duncan  Graham-Rowe,  “Nuclear-Powered  Drone  Aircraft  on  Drawing  Board,”  New  Scien¬ 
tist,  February  19,  2003,  http://www.newscientist.com/article.ns?id=dn3406. 
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and  potable  water.  Northrop  Grumman  Corporation  has  proposed  a  demonstra¬ 
tion  initiative  for  land  or  sea-based  synthetic  fuel  production  based  on  using  a  nu- 
clear  reactor  to  provide  the  thermal  energy  and  hydrogen  for  the  FT  process. 

One  advantage  of  this  method  of  FT  production  is  that  it  uses  less  carbon-based 
fuel  and  produces  less  CO2  than  a  conventional  FT  plant.  Although  these  efforts 
would  require  a  significant  new  investment,  DoD  could  leverage  existing  nuclear 
power  R&D  efforts  by  the  Navy  and  DOF’s  Nuclear  Power  2010  program. 

Geothermal  Energy 

Geothermal  energy  provides  a  viable  alternative  energy  supply,  but  only  for  in¬ 
stallations  located  near  a  geothermal  source.  The  Navy,  in  particular,  has  major 
efforts  in  geothermal  energy  and  established  a  plant  at  the  Naval  Air  Weapons 
Station,  China  Lake,  CA  (Fi|ure  E-3)  as  a  step  in  its  effort  to  convert  Navy  shore 
facilities  to  alternate  energy. 

Figure  E-3.  Geothermal  Plant  at  China  Lake 


Courtesy  of  Naval  Air  Warfare  Center  Weapons  Division,  Technology  Transfer  website. 


The  Navy  indicates  that  geothermal  energy  reduced  the  Navy’s  electricity  bill  by 
$24.2  million.  In  1993,  it  saved  $4.2  million,  which  equates  to  a  33.3  percent  re¬ 
duction  in  electrical  energy  cost. 


See  Note  18. 

William  Laz,  Douglas  Law,  and  Charles  Smith,  Assured  Fuel  Initiative  (briefing,  Northrop 
Grumman  Corporation,  July  2006). 

NAWCWD  Technology  Transfer  website,  https://www2.nawcwd.navy.mil/techTrans/ 
index. cfm?map=local.ccms.view.aB&doc=home.l),  August  2006. 
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The  limiting  factor  of  this  technology  is  that  it  is  location  specific,  although  ef¬ 
forts  are  in  progress  to  expand  the  range  of  suitable  locations.  This  inhibits  geo¬ 
thermal  energy’s  ability  to  displacing  petroleum,  especially  in  the  tactical 
environment,  but  will  help  increase  DoD’s  renewable  portfolio. 

Ocean  Energy  Harvesting 

Similar  to  geothermal,  this  technology  could  be  useful  in  specific  locations,  espe¬ 
cially  in  support  of  military  sea-basing  efforts.  This  technology  is  not  widely 
used,  but  several  innovative  companies  are  working  on  it,  and  it  has  potential  for 
DoD  in  contributing  to  the  renewable  energy  portfolio  in  stationary  power.  The 
Ocean  Wave  Energy  Company  (OWEC),  working  under  a  Coast  Guard  small 
business  innovation  research  contract,  completed  bench-top  trials  with  full-size 
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components  in  2000.  Eigure  E-4  shows  the  OWEC  module  array. 

Figure  E-4.  OWEC  Module  Array 


DARPA  is  working  on  a  project  in  surface  wave  energy  harvesting  as  well.  The 
program  objective  is  to  “develop  and  demonstrate  a  hierarchy  of  wave  and  motion 
energy  harvesters  to  enable  long  endurance  tactical  missions  and  test  and  evalua¬ 
tion  programs.”  The  program  has  successfully  demonstrated  a  wave-powered 
autonomous  buoy. 

NREE  has  also  been  evaluating  ocean  thermal  energy  conversion  (OTEC),  which 
converts  solar  radiation  to  electric  power  by  using  the  ocean’s  natural  thermal 
gradient  to  generate  electricity.  As  long  as  the  temperature  between  the  warm  sur¬ 
face  water  and  the  cold  deep  water  differs  by  about  20°C  (36°E),  the  OTEC  sys¬ 
tem  can  produce  a  significant  amount  of  power.^^  The  Office  of  Naval  Research  is 
currently  developing  an  OTEC  facility  to  provide  power  to  Diego  Garcia  in  the 
Indian  Ocean.  This  local  application,  which  might  also  be  effective  for  a  future 
sea  base,  also  falls  under  our  category  of  a  cross-cutting  technology. 


Ocean  Wave  Energy  Company,  http://www.owec.com/index.html,  September  2006. 

NREL,  “What  Is  Ocean  Thermal  Energy  Conversion?”  Ocean  Thermal  Energy  Conversion, 
http://www.nrel.gov/otec/what.html,  October  2006. 
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Technologies  for  Increased  Efficiency 

Engines  and  Turbines 

Improvements  in  engines — for  both  ground  and  aviation  use — are  an  important 
demand-side  opportunity  for  redueing  energy  eonsumption.  Corresponding  redue- 
tions  in  pollutants  and  greenhouse  gases  result  from  these  fuel  effieieney  gains, 
but  additional  engine  teehnology  improvements  may  also  address  the  environ¬ 
mental  impact  of  engine  operation.  Because  these  engines  are  used  in  tactical  ap¬ 
plications,  efficiency  improvements  could  help  conserve  fuel  where  it  is  most 
expensive  and  places  the  largest  burden  on  the  DoD  logistics  system. 


Aircraft 


Improved  airplane  jet  engine  efficiency  is  of  interest  not  only  to  DoD,  but  also  to 
the  civil  aviation  sector,  which  has  felt  the  impact  of  rapid  increases  in  fuel  prices. 
DoD  has  established  the  Versatile  Affordable  Advanced  Turbine  Engine  program 
as  a  multi-service  R&D  effort  involving  turbine  engine  technologies  to  provide 
improved  fuel  efficiency  and  the  ability  to  use  alternative  fuels  in  DoD  aircraft. 

Incremental  improvements  in  jet  engine  technology  and  aircraft  construction  have 
already  led  to  a  34  percent  increase  in  average  aircraft  fuel  efficiency  between 
1973  and  2002.  Further  advances  are  possible  by  increasing  engine  bypass  ratios 
(achieving  more  airflow  into  the  turbine  for  the  amount  of  fan  power  expended) 
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and  increasing  turbine  air  pressure  ratios. 

One  area  of  engineering  improvement  is  the  efficiency  of  the  intake  fan  that  pulls 
air  into  the  turbine  for  combustion.  Pratt  and  Whitney  is  developing  a  geared  tur¬ 
bofan  engine,  which  features  a  gearbox  between  the  fan  and  shaft  to  allow  for  the 
use  of  a  larger,  slower  moving,  and  more  efficient  fan.  The  company  is  hoping  to 
introduce  this  engine  into  the  Boeing  757,  for  which  it  projects  a  12  percent  re¬ 
duction  in  fuel  consumption  over  current  engine  technologies,  with  corresponding 
reductions  in  noise  and  environmental  impact.  Engine  maker  Rolls  Royce  is  seek¬ 
ing  a  similar  reduction  in  fan  speed  and  increase  in  fuel  efficiency  via  a  three- 
28 

stage  intake  fan. 

Even  if  more  fuel-efficient  aircraft  engines  are  available,  the  high  up-front  cost  of 
replacing  or  retrofitting  legacy  aircraft  with  new  engines  tends  to  slow  the  diffu¬ 
sion  of  this  technology.  A  2003  Defense  Science  Board  study  concluded  that  the 
cost  of  retrofitting  the  B-52  would  be  made  up  by  the  fuel  savings  during  the  re¬ 
maining  lifetime  of  the  aircraft,  but  the  Air  Force  has  yet  to  go  forward  with  the 


Aeronautics  and  Space  Engineering  Board,  For  Greener  Skies:  Reducing  Environmental 
Impacts  of  Aviation,  2002,  http://books.nap.edu/catalog/10353.html. 

Dominic  Gates,  “Pratt  Hoping  to  Power  the  737’s  Replacement,”  Seattle  Times,  August  10, 

2006. 
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retrofit  due  to  the  estimated  eost  of  over  $3  billion.^^  Similar  legacy  fleet  consid¬ 
erations  have  also  slowed  the  adoption  of  new,  more  fuel-efficient  aircraft  models 
by  the  commercial  sector. 

Ground  Vehicles 

The  Department  of  Energy  has  promoted  improvements  in  automobile  engine  ef¬ 
ficiency  under  the  Advanced  Combustion  Engine  research  program,  part  of  the 
EreedomCAR  and  Vehicle  Technologies  office.  According  to  DOE,  “specific 
goals  are  to  improve,  by  2012,  the  efficiency  of  internal  combustion  engines  for 
(1)  light-duty  applications  from  30  percent  to  45  percent  and  (2)  for  heavy-duty 
applications  from  40  percent  to  55  percent — ^while  meeting  cost,  durability,  and 
emissions  constraints. Near-term  engineering  improvements  to  conventional 
engines  include  the  implementation  of  continuously  variable  transmissions,  vari¬ 
able  valve  timing,  auto  shut-off  and  start-up  when  the  vehicle  is  stopped,  and 
idling  a  number  of  engine  cylinders  when  not  needed.  These  enhancements  have 
already  been  incorporated  into  a  number  of  production  vehicles,  with  the  auto 
shut-off  and  start-up  feature  used  in  all  hybrid-electric  models.  In  the  longer  term, 
DOE  advocates  advanced  internal  combustion  engines  that  are  capable  of  low- 
temperature  combustion  modes  that  can  provide  greater  fuel  efficiency  under  cer¬ 
tain  engine-loading  conditions,  as  well  as  turbochargers,  thermoelectrics,  and 
other  technologies  to  recapture  waste  heat. 

Most  medium-  and  heavy-duty  applications  already  employ  diesel  (vs.  gasoline) 
engines  due  to  their  superior  fuel  efficiency  and  durability,  although  they  emit 
higher  levels  of  pollutants  and  particulate  matter.  Improvements  to  engine  emis¬ 
sion  controls  and  combustion  regimes  would  also  allow  diesels  to  compete  in  the 
light  car  and  truck  market,  where  they  could  achieve  fuel  efficiencies  on  par  with 
hybrid  gasoline-electric  vehicles.  Particulate  traps,  lean  nitrous  oxide  traps,  and 
catalytic  reduction  are  promising  technologies,  but  must  be  improved  to  avoid 
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sacrificing  fuel  efficiency  gains  for  emissions  reduction. 

In  addition  to  improvements  in  internal  engine  combustion  characteristics,  DOE 
has  also  focused  simultaneously  on  exhaust  after-treatment  technologies  and  fuel 
formulation.  Elex-fuel  vehicles  (already  offered  by  domestic  automakers)  can  op¬ 
erate  on  either  gasoline  or  E-85  (a  combination  of  15  percent  gasoline  and  85  per¬ 
cent  ethanol),  while  diesel  engines  are  being  built  to  operate  on  low-sulfur  diesel 
fuel.  Elex-fuel  vehicles  might  provide  DoD  with  the  option  of  using  alternative 
fuels  where  they  are  available  without  requiring  the  adoption  of  a  new  logistics 
fuel  infrastructure  for  tactical  applications. 


Amory  Lovins  and  others,  Winning  the  Oil  Endgame  (Snowmass,  CO:  Rocky  Mountain  In¬ 
stitute,  2004). 

Department  of  Energy,  Advanced  Combustion  Engines,  http://wwwl.eere.energy.gov/ 
vehiclesandfuels/technologies/engines/index.html,  accessed  February  8,  2007. 

Department  of  Energy,  Progress  Report  for  Advanced  Combustion  Technologies,  2005, 
http://wwwl.eere.energy.gOv/vehiclesandfuels/pdfs/adv_engine_2005/2005_advanced_engine.pdf 
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Like  aircraft  engines,  the  up-front  cost  of  replacing  engines  in  legacy  vehicles  is 
also  an  obstacle  to  improving  fuel  efficiency.  The  Army  considered  replacing  the 
1960s  vintage  AGT  1500  turbine  engines  on  the  Abrams  Tank — ^with  an  esti¬ 
mated  fuel  efficiency  of  less  than  1  mile  per  gallon — ^with  more  efficient  diesel 
engines,  but  it  abandoned  the  effort  in  favor  of  refurbishing  existing  turbines  due 
to  the  anticipated  cost  of  the  development  effort.^^ 

Hybrid  Vehicles 

Hybrid-electric  ground  vehicles  have  a  traditional  internal  combustion  engine  and 
an  electric  motor  (powered  by  rechargeable  batteries  or  ultracapacitors)  that  re¬ 
charges  during  vehicle  operations.  With  improved  fuel  efficiency,  hybrid  vehicles 
could  also  contribute  to  a  reduced  logistics  tail  and  related  fuel  costs.  They  can 
provide  an  operational  advantage  through  reduced  noise  and  thermal  signatures. 
However,  DoD  tactical  land-based  vehicles  usually  maneuver  over  the  terrain  that 
requires  high  engine  power,  which  reduces  fuel  savings.  Thus,  military  nontacti- 
cal  vehicles  may  be  a  more  realistic  in  the  short  term. 

Hybrid-electric  land-based  vehicles  have  other  uses,  to  fulfill  “silent  watch”  and 
other  stationary  power  needs,  but  the  increased  weight  of  batteries  needed  to  sup¬ 
port  lengthy  stationary  missions  may  offset  any  fuel  savings. Further  refinement 
of  battery  storage  capacity  and  other  aspects  of  this  technology  is  needed  before 
DoD  can  realize  substantial  vehicle  fuel  savings  in  the  tactical  sphere.  The  sav¬ 
ings  analysis  becomes  more  complex  if  hybrid-electric  vehicles  are  used  to  sup¬ 
plement  or  replace  mobile  electric  power  sources.  A  detailed  analysis  in  this  area 
may  show  a  savings  in  aggregate  force  fuel  requirements  even  if  individual  vehi- 
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cle  savings  are  not  achieved. 

Unmanned  Vehicles 

Unmanned  aerial  and  land-based  vehicles  offer  substantial  fuel  savings  through 
weight  reductions  stemming  from  their  smaller  overall  size  and  removal  of  armor 
and  other  human  support  systems. Both  guided  (remote-controlled)  and  autono¬ 
mous  land-based  vehicles  can  be  made  lighter,  more  fuel  efficient,  and  operation¬ 
ally  more  effective  than  their  manned  counterparts,  in  addition  to  utilizing 
composite  and  lightweight  materials,  as  discussed  previously.  In  addition,  the  re¬ 
moval  of  the  pilot  reduces  not  only  the  associated  aircraft  weight  but  also  the  fuel¬ 
intensive  infrastructure  required  to  train  and  maintain  pilot  proficiency,  resulting 


Steven  Komarow,  “Military’s  Fuel  Costs  Spur  Look  at  Gas-Guzzlers,”  USA  Today,  March 
8,  2006. 

Ocean  Wave  Energy  Company,  http://www.owec.com/index.html,  September  2006. 

See  Note  2. 

Dr.  Michael  E.  Canes,  Estimated  Costs  of  Projecting  Electric  Power  onto  a  Battlefield 
(briefing,  NDIA  30th  Environmental  and  Energy  Symposium,  April  8,  2004). 

Ocean  Wave  Energy  Company,  http://www.owec.com/index.html,  September  2006. 
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in  additional  energy  savings — a  elassic  example  of  the  multiplier  effect.  DoD  is 
actively  pursuing  unmanned  aerial  and  land-based  vehicles. 

•57 

Among  unmanned  vehicles,  UAVs  are  the  most  mature.  Integrated  into  opera¬ 
tions  in  missions  traditionally  flown  by  manned  aircraft,  their  lighter  weight  can 
bring  substantial  fuel  savings.  For  example,  Sensorcraft  aircraft  being  designed 
by  the  Air  Force  Research  Lab  could  save  as  much  as  97  percent  of  the  fuel  used 
by  three  manned  systems  it  could  replace;  Joint  Surveillance  and  Target  Attack 
Radar  System,  Airborne  Warning  and  Control  System,  and  rivet  joint  surveillance 
aircraft.^^  Although  this  example  may  be  the  extreme  case,  it  shows  that  un¬ 
manned  aerial  and  land-based  vehicles  hold  much  promise  for  reduced  fuel  con¬ 
sumption  and  consequent  cost  savings  for  DoD. 

Lightweight  Metals  and  Composites 

Using  nontraditional  materials  for  land-based  vehicles  and  the  fuselage  of  aircraft 
can  reduce  weight  and  thus  conserve  fuel.  Two  broad  categories  of  materials 
being  used  are  lightweight  metals  and  composites."^'*  Lightweight  metals  include 
aluminum,  titanium,  and  metal  alloys.  Composite  materials,  such  as  carbon  fiber 
reinforced  plastics,  are  made  of  two  or  more  substances  that  are  used  together 
without  blending  or  homogenizing,  so  that  the  appealing  characteristics  of  both 
are  maintained."*’  The  manufacture  of  composites  has  been  automated,  and  prices 
are  lower  than  when  they  were  first  introduced. 

Composites  have  been  used  for  some  time  in  military  aircraft  to  reduce  their 
weight  and  improve  characteristics  of  the  aircraft  body.  They  are  now  being  used 
extensively  in  commercial  aircraft  as  well;  Boeing  and  Airbus  are  launching  new 
models  (787  Dreamliner,  A350,  and  A380)  that  will  use  composites  more  exten- 
sively.  For  land-based  vehicles,  such  as  Humvees  and  tanks,  vehicle  weight  is 
also  important  with  regard  to  fuel  use.  Decreasing  the  weight  of  the  structural 
components  (frame)  of  vehicles  like  these  can  lower  fuel  use."*^  This  must,  how¬ 
ever,  be  accomplished  without  increasing  vulnerability  to  enemy  fire.  If  achiev¬ 
able,  the  main  benefit  from  a  fuel  perspective  is  that  land-based  vehicles  and 
aircraft  built  with  composites  weigh  less  than  traditional  vehicles  and  aircraft, 
thus  conserving  fuel;  extending  range,  persistence,  and  operational  effectiveness; 
and  reducing  emissions.  This  option  is  viable  for  reducing  fuel  use  in  the  near  and 
far  terms,  and  can  continue  as  new  fuels  are  developed. 


See  Note  2. 

See  Note  2. 

”  See  Note  2. 

Stanley  Holmes,  “A  Plastic  Dream  Machine,”  Business  Week,  Issue  3938,  2005,  p.  32. 
Jim  Lorincz,  “Composites  Fly  Lighter,  Stronger,”  Manufacturing  Engineering,  Volume 
136,  Issue  3,  2006,  p.  ATI. 

Valerie  Browning,  “DARPA’s  Energy  Related  Programs”  (presentation.  May  31,  2006). 
See  Note  2. 
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More-Electric  Architecture 

More-electric  architecture  (MEA)  is  a  concept  for  building  the  components  of  an 
aircraft  in  a  way  that  maximizes  efficiency."^"^  It  involves  synchronizing  and  bal¬ 
ancing  energy  use  and  production  within  the  aircraft,  including  redesigning  the 
traditional  engine  to  produce  thrust  and  electric  power,  while  the  power  needs  of 
the  pneumatic,  hydraulic,  and  other  mechanical  systems  are  met  by  smaller  elec¬ 
tric  engines."^^  The  technical  design  of  an  MEA  is  already  in  use,  with  components 
designed  by  Honeywell.'^^ 

An  important  aspect  of  the  MEA  concept  is  that  it  can  be  applied  to  any  aircraft, 
military  or  commercial.  Its  main  benefits  are  environmental  and  fiscal,  because 
the  integration  of  systems  can  reduce  fuel  use,  which  reduces  emissions  and  over¬ 
all  cost.  However,  implementing  MEA  on  existing  aircraft  involves  investment  up 
front,  with  the  benefits  of  reduced  cost  coming  in  the  long  term.  MEA  is  of  possi¬ 
ble  use  to  DoD  to  conserve  fuel  in  the  near  term,  but  implementing  MEA  will  not 
move  DoD  much  closer  to  its  strategic  goals  of  energy  independence  or  a  petro¬ 
leum-free  existence.  In  the  long  term,  this  concept  could  be  applied  to  other  types 
of  vehicles. 

Aerodynamic  Design 

Aerodynamic  design  can  be  used  to  achieve  reductions  in  fuel  use  through  more 
reduced  turbulence  in  air  flow.  Boeing’s  wing-tip  program  (Figure  E-5)  is  an  ex¬ 
ample.  By  changing  the  shape  of  aircraft  wingtips,  Boeing  can  reduce  fuel  use  and 
emissions,  as  well  as  noise.  Boeing’s  data  suggest  that  winglets  used  on  the  737- 
800  aircraft  could  reduce  fuel  use  by  2  to  3  percent."^^  The  Energy  IPT  has  ana¬ 
lyzed  the  adoption  of  this  design  aspect  for  long-haul  tactical  and  nontactical  air¬ 
craft  and  found  that  it  could  bring  6  percent  fuel  savings,  or  $1,000  per  fiight."^^ 


Robert  Wall,  “Better  BuzzT  Aviation  Week  &  Space  Technology,  Volume  164,  Issue  19, 
2006,  p.  52. 

"^^“The  ‘More  Eleetric’  Architecture  Revolution,”  Military  Technology,  Volume  29,  Issue  10, 

p.  60. 

Steven  Komarow,  “Military’s  Fuel  Costs  Spur  Look  at  Gas-Guzzlers,”  USA  Today,  March 
8,  2006. 

M.M.  Goetz,  “Commercial  Aviation — ^Noise  and  Emissions  Developments”  (presentation  at 
the  ICAO-ACELAC  Seminar  on  Bird  Flazards,  Environmental  Protection  and  Land  Use  at  Air¬ 
ports  for  the  NAM/CAR/SAM  Regions,  Miami,  FL,  April  24-27,  2000). 

DoD  Energy  Security  IPT,  “Energy  Options”  (briefing,  SSG,  September  13,  2006). 
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Figure  E-5.  Boeing  Wing-Tip 


Source:  DoD  Energy  Security  IPT,  “Energy 
Options”  (briefing,  SSG,  September  13,  2006). 


Blended-Wing  Aircraft 

In  a  long-term  aerodynamic  effort,  Boeing,  the  Air  Force,  and  NASA  are  testing 
the  blended- wing  body  (BWB)  concept  at  NASA’s  Langley  Research  Center  in 
Hampton,  VA.  The  Air  Force  has  named  the  aircraft  the  X-48B,  and  the  project 
team  began  testing  an  8.5  percent-scale  prototype  in  April  2006."^^  Figure  E-6 
shows  a  drawing  of  the  aircraft. 

Figure  E-6.  Biended-Wing  Body  Design 


Source:  Al  Bowers  (presentation  at  “The  Wing  Is  The  Thing”  meeting, 
September  16,  2000). 


U.S.  Fed  News  Serviee,  “Team  Uses  Ftistorie  NASA  Tunnel  to  Test  Blended  Wing  Body,” 
Washington,  DC,  2006. 
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The  Air  Force  is  evaluating  the  BWB  as  a  multirole,  long-range  military  aircraft. 
Boeing  reports  that  the  BWB  could  be  ready  for  military  use  in  10  to  15  years. 

A  BWB  can  carry  the  same  weight  of  cargo  and  twice  as  many  people  as  a  Boeing 
747,  but  will  use  less  fuel.  The  BWB  is  estimated  to  be  20  to  30  percent  more  fuel 
efficient  than  a  conventional  aircraft  of  similar  size  carrying  the  same  amount  of 
fuel.^'  BWB  benefits  also  include  a  reduced  environmental  impact  through  lower 
emissions  due  to  reduced  fuel  consumption  to  carry  the  same  weight.  However, 
depending  on  size,  the  BWB  design  has  a  larger  wing  span  for  the  same  cargo 
weight  capacity  and  may  require  investment  in  airport  infrastructure  as  well  as  the 
aircraft. 

Information  Technology  and  Information  Management  Systems 

Information  technology  and  information  management  (IT/IM)  systems  can  serve 
as  enablers  for  energy  efficiency,  aiding  both  in  the  design  of  energy  efficiency 
technology  and  in  managing  operations  more  energy  efficiently.  Collectively, 
IT/IM  refers  to  systems,  technologies,  or  methods  for  collecting  and  disseminat¬ 
ing  information.  Examples  are  data  acquisition  and  control  systems,  communica¬ 
tions  technologies,  databases,  knowledge  management  systems,  and  the  Internet. 
These  systems  can  be  used  both  to  reduce  energy  consumption  with  existing  tech¬ 
nologies  and  to  enable  the  employment  of  newer  energy  efficiency  technologies 
that  require  control  and  interoperability  between  component  technologies.  IT/IM 
systems  can  be  used  to  help  optimize  operational  processes  to  minimize  fuel  con¬ 
sumption.  Examples  are  automatic  control  of  industrial  processes  and  computer¬ 
ized  scheduling  of  transportation  and  logistical  operations.  In  addition,  IT/IM 
systems  may  cut  down  on  the  need  for  energy  use  by  accomplishing  tasks  through 
virtual  rather  than  physical  interaction. 

Automated  Control  Systems 

Automated  control  systems  save  energy  by  systematically  monitoring  and  adjust¬ 
ing  equipment  so  that  it  operates  efficiently.  Most  new  “intelligent”  commercial 
buildings  employ  some  type  of  automated  sensor  and  control  systems  for  lighting, 
heating,  cooling,  and  other  applications  that  involve  energy  usage  over  time.  In  a 
daylight  harvesting  system,  sensors  monitor  the  level  of  daylight  entering  a  build¬ 
ing  and  reduce  the  level  of  artificial  lighting  to  maintain  a  desired  level  of  bright¬ 
ness.  These  systems  vary  in  sophistication  from  basic  systems  that  turn  lighting 
banks  on  and  off  to  systems  that  enable  continuous  variable  monitoring.  Wal-Mart 
reported  a  2-year  payback  from  installation  of  continuously  variable  daylight 
harvesting  systems,  which  resulted  in  energy  savings  of  approximately  $100,000 
per  store.  In  addition  to  intelligent  controls  of  individual  processes,  these 


“Air  Force  Studies  Blended  Wings,”  Machine  Design,  Volume  78,  Issue  12,  2006,  p.  30. 
See  Note  50  and  A1  Bowers  (presentation  at  The  Wing  Is  The  Thing  meeting,  September 
16,  2000). 

Charles  Zimmerman,  Wal-Mart  Vice  President  (presentation  at  EnergyConversation.org 
meeting,  January  16,  2007). 
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systems  have  the  potential  for  even  greater  gains  when  they  are  interoperable.  For 
example,  motion  and  light  sensors  to  deteet  building  oeeupaney  ean  provide  in¬ 
puts  to  automated  systems  for  both  lighting  and  heating,  ventilating,  and  air  eon- 
ditioning.  In  addition  to  installing  daylight  harvesting  and  other  automated 
systems  in  its  stores,  Wal-Mart  also  eontrols  these  systems  eentrally,  making  it 
easier  to  fine-tune  performanee.^"^  The  Ameriean  Soeiety  of  Heating,  Refrigerat¬ 
ing  and  Air-Conditioning  Engineers  publishes  eomprehensive  energy  effieieney 
and  intelligent  eontrol  standards  for  both  eommereial  and  residential  buildings. 

Automakers  have  also  implemented  intelligent  eontrol  systems  to  reduee  unneees- 
sary  fuel  eonsumption.  Many  vehieles  now  employ  monitoring  systems  that  sense 
the  demand  for  power  and  ean  reduee  the  number  of  engine  eylinders  in  operation 
when  full  engine  eapaeity  is  not  required.  Other  energy-saving  teehniques,  sueh  as 
shutting  down  the  engine  at  stoplights  and  shifting  between  two-  and  four-wheel 
drive,  also  depend  on  automated  monitoring  and  eontrol  systems.  Hybrid  eleetrie 
vehieles,  whieh  provide  improved  fuel  effieieney  over  internal  eombustion  en¬ 
gines,  require  sophistieated  eontrol  systems  to  manage  the  distribution  of  power 
between  the  gasoline  engine,  eleetrie  motor,  and  storage  battery.  Trueks  are  able 
to  reduee  energy  lost  due  to  idling  through  the  integration  of  auxiliary  power  units 
that  allow  for  eontinued  use  of  heating,  eooling  and  loading/unloading  equipment 
without  running  the  engine. 

These  IT/IM  system  prineiples  also  have  potential  for  energy  saving  in  taetieal 
DoD  applieations.  Most  ships,  airplanes,  and  ground  vehieles  already  ineorporate 
extensive  monitoring  and  eontrol  systems  that  eapture  performanee  data.  This  in- 
eludes  the  Navy’s  “smart  ship”  teehnologies,  a  suite  of  seven  eontrol  and  monitor¬ 
ing  systems  that  inelude  the  Integrated  Bridge  System,  Integrated  Condition 
Assessment  System,  the  Damage  Control  System,  the  Maehinery  Control  System, 
the  Fuel  Control  System,  a  fiber  optie  loeal  area  network,  and  the  Wireless  Inter¬ 
nal  Communieation  System.^^  The  Army’s  future  eombat  system  is  also  being  de¬ 
signed  as  a  “system  of  systems”  that  will  allow  interoperability  and 
eommunieations  between  a  wide  variety  of  ground  vehieles,  UAVs,  and  individ¬ 
ual  soldiers.  Although  not  designed  speeifieally  to  manage  fuel  eeonomy,  these 
systems  provide  the  interoperability  and  data  eolleetion  eapability  that  eould  pro¬ 
vide  real-time  data  and  feedbaek  on  energy  eonsumption  to  allow  for  more  effi- 
eient  operation. 


Abigal  Gray,  “How  Smart  Are  Intelligent  Buildings,”  Building  Operation  Management, 
September  2006,  pp.  61-65. 

Charles  Zimmerman,  Wal-Mart  Viee  President  (presentation  at  EnergyConversation.org 
meeting,  January  16,  2007). 

U.S.  EPA  SmartWay  Transport  Partnership,  “Fleet  Strategies,”  2004, 
http://www.epa.gov/otaq/smartway/smartway_fleets_strategies.htm. 

Seott  Freedner,  John  Imbesi,  and  Leslie  Spalding,  Smart  Ship  Installations  in  Full  Swing 
(David  Taylor  Researeh  Center,  2000),  http://www.dt.navy.mil/pao/exeerpts%20pages/ 
2000/smartship_Nov.html. 
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Improved  Scheduling  and  Logistics 

In  addition  to  facilitating  energy  effieieney  of  individual  buildings,  systems,  or 
vehieles  at  the  taetieal  level,  IT/IM  teehnologies  ean  also  reduee  energy  eonsump- 
tion  by  optimizing  routing,  seheduling,  and  logisties.  For  vehieles,  energy  eon- 
sumption  is  largely  proportional  to  the  time  operated  or  miles  driven,  so  any 
routing  ehanges  to  minimize  the  amount  of  mile  traveled  will  reduee  the  overall 
amount  of  fuel  eonsumed.  The  trueking  and  airline  industries  have  both  employed 
IT/IM  systems  in  this  manner.  Automated  logisties  systems  for  the  freight  indus¬ 
try  optimize  routing  and  mateh  loads  with  available  trueks  to  reduee  baek-hauling 
empty  trueks. These  systems  inelude  eomputerized  routing  and  seheduling  soft¬ 
ware  integrated  with  GPS  traeking  systems  and  wireless  Internet  eonneetions  on 
individual  trueks.  Systems  allow  for  eentralized  eontrol  by  trueking  eompanies 
but  ean  also  allow  drivers  to  update  their  availability  and  request  real-time  up¬ 
dates.  Web-based  wireless  information  systems  ean  also  provide  drivers  with  real¬ 
time  information  on  fuel  priees,  allowing  them  to  make  informed  deeisions  about 

58 

fuel  purehases. 

The  aviation  industry  is  also  exploring  how  improvements  in  air  traffie  manage¬ 
ment  (ATM)  ean  be  used  to  reduee  fuel  eonsumption  of  individual  aireraft  by  al¬ 
lowing  more  effieient  management  of  aireraft  routes,  horizontal  and  vertieal 
spaeing  of  aireraft,  and  landing  and  takeoff  timing.  The  FAA  and  the  European 
Commission  both  have  programs  in  plaee  to  improve  ATM;  the  FAA  is  ereating 
the  Next  Generation  Air  Transport  System,  while  the  European  Commission  is 
heading  the  Single  European  Sky  Air  Traffie  Management  Researeh  program.^^ 

The  move  toward  the  next  generation  of  ATM  primarily  applies  to  eommereial 
flight,  but  the  same  eoneepts  eould  be  applied  to  military  aireraft.  The  benefits  are 
redueed  fuel  use  and  emissions,  and  possible  eost  savings  due  to  the  retiring  of 
eostly  older  teehnologies  used  to  manage  aireraft.^'*  DoD  eompatibility  with  new 
ATM  systems  may  also  be  required  to  ensure  that  military  aireraft  have  full  ae- 
eess  to  eommereial  airspaee.  Without  this  aeeess,  military  aireraft  eould  be  foreed 
to  avoid  eongested  airspaee  and  use  longer  (and  therefore  less  fuel  effieient)  flight 
routes. 


U.S.  EPA  SmartWay  Transport  Partnership,  “Improved  Freight  Logistics,”  2004, 
http://www.epa.gov/otaq/smartway/documents/loadmatching.pdf. 

See  Note  29. 

U.S.  Fed  News  Service,  “U.S./Europe  Seek  Seamless,  More  Efficient  Air  Traffic  Manage¬ 
ment,”  Washington,  DC,  2006. 

“David  Flughes,  “Global  ATM  Vision,”  Aviation  Week  &  Space  Technology,  Volume  162, 
Issue  22,  2005,  p.  42. 

Global  Security.org,  “KC-135R  Stratotanker,”  http://www.globalsecurity.org/military/ 
systems/aircraft/kc- 135r-pacer-crag.htm. 
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IT/IM  systems  can  also  be  used  to  collect  and  process  information  on  long-term 
usage  and  energy  consumption  patterns  for  feedback  into  future  designs  or  operat¬ 
ing  procedures.  Even  if  current  systems  are  designed  with  energy  efficiency  in 
mind,  empirical  operating  data  may  point  out  unanticipated  problems  or  opportu¬ 
nities  for  further  improvement.  Empirical  data  are  also  important  in  highlighting 
changes  in  energy-consumption  profiles  due  to  unanticipated  missions  or  operat¬ 
ing  environments.  DoD  vehicles  and  systems  are  designed  to  provide  optimal  per¬ 
formance  in  an  anticipated  operating  scenarios,  and  changes  in  operating  patterns 
may  have  a  significant  effect  on  fuel  consumption.  This  is  particularly  true  in 
Iraq,  where  equipment  has  been  used  continuously  in  a  combat  environment. 
Humvees  and  other  military  vehicles  have  been  modified  with  additional  armor, 
which  increases  the  weight  and  changes  vehicle  performance  characteristics.  A 
recent  JASON  study  noted  the  lack  of  comprehensive  Army  data  on  vehicle  mix, 
number  of  vehicle  hours  used  per  day,  idling  rate,  fuel  consumption,  and  other 
routine  statistics.  A  GPS-based  vehicle-monitoring  system,  equivalent  to  the  com¬ 
mercially  available  “On-Star”  system  installed  on  GM  cars,  could  help  collect 
62 

such  information. 

DoD  can  also  use  empirical  data  to  recommend  best  operating  practices  for  exist¬ 
ing  technology,  in  the  form  of  lessons  learned  or  revised  operating  procedures. 
The  Navy  established  a  Shipboard  Energy  Conservation  Team  to  train  personnel 
on  reducing  energy  consumption  during  normal  operations,  and  it  uses  annual  en¬ 
ergy  conservation  awards  as  a  means  of  raising  awareness  of  energy-saving  prac¬ 
tices.^^ 

Virtual  Training 

Simulation  software  and  communication  systems  can  reduce  energy  consumption 
in  a  different  way,  by  accomplishing  tasks  virtually  that  would  otherwise  have 
required  energy  expenditures  for  travel  or  system  operation.  DoD  has  used  flight 
and  battle  simulators  for  decades,  but  recent  advances  in  computer  processing  and 
networking  allow  for  much  more  sophisticated  scenarios  and  real-time  interaction 
between  participants  in  different  locations.  The  Navy  employs  the  AN/USQ-T46 
Battle  Eorce  Tactical  Trainer,  an  interactive  system  installed  on  ships  that  can  run 
coordinated  training  scenarios  at  the  ship  or  task-force  level. The  Army  is  also 
developing  Embedded  Eive-Virtual-Constructive  (E-V-C)  Multi-mode  Training 


“  See  Note  2. 

DoD  Federal  Energy  Management  Program,  “U.S.  Department  of  Defense  Navy  Shipboard 
Energy  Conservation  Team — ’Outstanding  Performance’,”  Washington,  DC,  2002, 
http://www.eere.energy.gov/femp/newsevents/fempfocus_article.cfm/news_id=7241. 

George  Dunn,  “Battle  Force  Tactical  Trainer  Operator  Course  Reaches  Fleet,”  Navy  Center 
for  Surface  Combat  Systems  Public  Affairs,  October  15,  2004, 
http  ://www.  news  .navy.mil/ search/display  .asp?  story_id=  15553. 
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for  its  Future  Combat  System.^^  Although  the  main  purpose  of  these  systems  is  to 
provide  a  realistic  training  environment  for  sailors  and  soldiers,  virtual  training 
has  the  added  benefit  of  reduced  fuel  expenditures  for  training  operations. 

Aircraft  flight  simulators  can  reduce  the  requirement  for  airborne  training  time. 
The  Air  Force  Air  Mobility  Command  has  invented  $1.4  billion  in  new  and  up¬ 
graded  flight  simulators,  with  an  expected  reduction  in  aircraft  flight  hours  by 
more  than  270,000  over  6.5  years. 

Low-Power  Computing 

The  introduction  of  new  computer  processing  capabilities  into  DoD  applications 
has  led  to  a  significant  growth  in  demand  for  onboard  computer  power  in  many 
portable  systems.  These  increasing  power  requirements  are  of  particular  concern 
for  soldier-portable  systems,  which  often  rely  on  primary  or  secondary  baheries  as 
their  main  power  source.  The  Board  on  Army  Science  and  Technology  at  the  Na¬ 
tional  Academy  of  Sciences  identified  the  projected  growth  in  computing  power 
requirements  as  a  concern  in  a  2004  study  on  meeting  the  power  needs  of  future 
land  warrior  systems.  According  to  the  study,  the  Army  has  generally  developed 
computing  requirements  to  meet  combat  effectiveness,  without  giving  sufficient 
consideration  to  power  consumption.  As  a  result,  electronic  suites  for  land  warrior 
systems  currently  in  development  are  projected  to  require  20  watts  average  and  60 
watts  at  peak  power.  This  suite,  coupled  with  sufficient  batteries  for  a  72-hour 
mission,  would  increase  a  soldier’s  load  by  30  pounds.  In  addition  to  soldier  sys¬ 
tems,  increasing  computer  power  requirements  are  also  a  concern  for  satellites, 
UAVs,  and  other  applications  where  the  weight  of  the  power  supply  may  signifi¬ 
cantly  impact  platform  performance. 

In  addition  to  improvements  in  supply-side  power  production  technologies,  the 
study  recommended  incorporating  energy  efficient  or  “low-power”  computing 
technologies  to  reduce  soldier  system  weight  and  power  by  a  factor  of  ten.  Sys- 
tem-on-Chip  (SoC)  technologies  can  reduce  power  consumption  by  placing  all 
system  components — central  processor,  memory,  and  peripheral  electronics — on 
a  single  integrated  circuit.  The  commercial  sector  has  employed  SoC  designs 
widely  in  the  production  of  many  portable  electronic  devices,  including  cell 
phones,  WLAN  and  Bluetooth  components. The  study  also  recommends  the  use 
of  low-power  interconnect  technology,  such  as  wireless  networking,  in  place  of 
standard  USB  and  Ethernet  connections. 


Future  Combat  System  Program  Manager,  PCS  Whitepaper,  April  11,  2006, 
http://www.army.miFfcs/whitepaper/FCSWhitepaper(ll_Apr_06).pdf. 

Air  Mobility  Command  Publie  Affairs,  “AMC  Reduces  Costs  Through  Fuel  Efficiency,” 
Air  Force  Link,  http://www.af  miFnews/story.asp?id=12303 1427. 

Committee  of  Soldier  Power/Energy  Systems,  National  Research  Council,  Meeting  the  En¬ 
ergy  Needs  of  Future  Warriors,  September  2004,  http://books.nap.edu/catalog/l  1065.html. 

“SoC:  System  on  Chip,”  http://www.networkdictionary.com/hardware/soc.php. 
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Within  DoD,  the  DARPA  program  for  Power  Aware  Computing  and  Communi¬ 
cation  is  developing  new  technologies  for  computer  power  management  under  the 
concept  of  just-in-time  power,  which  seeks  to  improve  energy  efficiency  across 
many  aspects  of  computer  systems  via  lower  power  computing  algorithms,  effi¬ 
cient  compilers,  and  improved  power  management  both  at  the  system  and  mission 
levels. Using  a  “novel  integrated  software/hardware  technology  suite  incorporat¬ 
ing  innovative  individual  power  reduction  technologies,”  the  program  goals  in¬ 
clude  achieving  power  reductions  of  a  factor  of  100  to  1,000  times  in  future 
imbedded  computer  systems.  In  2002,  DARPA  contributed  $2  million  toward 
IBM’s  Low  Power  Computing  Center,  a  research  facility  founded  to  develop 
more  efficient  and  reliable  high-end  computer  systems.  BAE  Systems  was  ex- 

70 

pected  to  develop  prototype  military  applications  from  the  resulting  research. 

Cross-Cutting  Technologies 

Local  Electricity  Generation:  Solar,  Wind,  and  Hybrids 

Photovoltaic  systems  make  use  of  the  abundant  energy  available  from  the  sun, 
which  is  converted  directly  into  electricity  or  stored  (in  capacitors  or  batteries). 

By  harnessing  energy  without  emitting  carbon  dioxide,  these  technologies  reduce 
the  impact  on  the  environment.  For  military  operations,  their  total  reliance  on  liq¬ 
uid  hydrocarbon  fuel  to  generate  electricity  reduces  dependence  on  foreign  fossil 
fuel  and  lessens  fuel  logistics  requirements  because  electricity  is  harnessed  di¬ 
rectly  in  the  field.  Electricity  generation  uses  only  a  small  fraction  of  the  overall 
fuel  allotment  in  the  military,  so — even  if  solar  cells  are  used  to  provide  all  field 
electrical  requirements — their  contribution  to  decreasing  fossil  fuel  use  will  be 
small. 

DOE  research  in  applications  for  photovoltaics  includes  pumping  water,  provid¬ 
ing  lighting,  activating  switches,  charging  batteries,  supplying  power  to  the  utility 
grid,  and  others.  Many  of  these  applications  have  potential  use  for  military  pur¬ 
poses,  especially  where  electricity  is  required,  fuel  is  scarce,  or  fuel  logistics  are 
complex.  DoD  has  a  number  of  solar  energy  projects  in  the  demonstration  phase. 
The  Navy  currently  has  two  of  the  largest  federal  U.S.  photovoltaic  projects.  The 
ECIP  will  fund  four  new  projects  in  FY07. 

Because  solar  energy  can  be  converted  directly  to  electricity,  this  technology  will 
likely  have  the  greatest  impact  for  DoD  in  small,  isolated  applications  as  a  cross¬ 
cutting  power  technology — one  that  provides  local  power  and  reduces  fuel  supply 
demand.  Solar  panels  could  greatly  contribute  to  supporting  operations  in  desert 
regions  of  the  world  (Iraq,  Afghanistan,  Kuwait,  etc.)  and  to  economizing  the  op¬ 
eration  of  diesel-powered  generators.  Solar  energy  offers  silent  energy 

“DARPA  Power  Aware  Computing  and  Communication  (PAC/C)  Program,” 
http://www.darpa.mil/ipto/Programs/pacc/challenges.htm. 

Stacy  Cowely,  “IBM,  DARPA  Team  on  Low-Power  Computing,”  Computer  World, 
http://computerworld.com/action/article.do?command=printArticleBasic&articleld=73289. 
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production,  which  could  substantially  reduce  the  noise  signature  of  our  eontin- 
geney  operation  loeations  and  may  inerease  the  well-being  of  soldiers,  who  are 
also  affeeted  by  noise. 

Communieations  from  the  battlefield  also  confirm  an  interest  in  the  use  of  solar 
energy  in-theater.  In  July  2006,  Maj.  Gen.  Riehard  Zilmer,  the  highest-ranking 
Marine  Corps  offieer  in  Iraq’s  Anbar  Provinee,  eharaeterized  the  development  of 
solar  and  wind  power  eapabilities  as  a  “joint  urgent  operational  need.”  General 
Zilmer  eited  reductions  in  often  dangerous  fuel  transportation  activities  as  the 
main  motivation  for  this  request:  “By  reducing  the  need  for  [petroleum-based  fu¬ 
els]  at  our  outlying  bases,  we  ean  deerease  the  frequeney  of  logisties  eonvoys  on 
the  road,  thereby  redueing  the  danger  to  our  Marines,  soldiers,  and  sailors.”^'  The 
request  calls  for  183  renewable  energy  systems  to  be  used  on  bases  and  outposts. 

General  Zilmer’ s  request  is  believed  to  be  the  first  formal  request  for  use  of  alter¬ 
native  energies  from  a  frontline  eommander,  and  the  first  that  aeknowledges  the 
seeurity  advantages  of  alternative  energy  sourees.  In  response,  the  Army  plans  to 
mobilize  its  Rapid  Equipping  Foree  to  develop  and  test  renewable  energy  systems 
in  Iraq  and  Afghanistan  in  2007,  and  it  has  released  a  BAA  solieiting  eoneepts  for 
power  generation  that  will  reduee  the  amount  of  fuel  shipped  to  bases  and  posts 
in-theater. 

An  alternative  approaeh  for  military  operations,  espeeially  in  remote  loeations,  is 
the  use  of  hybrid  power  systems,  whieh  eombine  several  electrieity  storage  and 
produetion  elements  to  meet  the  eleetrie  energy  demands  of  a  remote  faeility 
without  relying  on  eontinuous  liquid  fuel  logisties  support.  Other  sourees  of  en¬ 
ergy,  such  as  windmills,  can  be  added  to  the  system  to  meet  the  needs  of  tenants. 
Flexible  combinations  of  solar  and  wind  systems  eould  be  a  “silent  wateh”  alter¬ 
native  to  the  noisy  generator  for  remote  military  operations.  The  eombination 
lessens  the  risk  to  military  operations  by  inereasing  the  flexibility  of  the  energy 
souree. 

Solar  teehnology  faees  two  primary  ehallenges:  the  eost  of  the  solar  eells  and  effi- 
eieney.  Highly  effieient  solar  eells  (more  than  20  pereent  effieient)  are  available, 
but  the  eost  of  produeing  the  silieon  wafers  ean  be  prohibitive.  Fow-efficieney 
solar  eells  (of  a  eouple  of  pereent)  are  eheap,  but  a  larger  surface  area  is  needed  to 
aehieve  the  amount  of  power  needed  to  run  a  system.  DARPA  has  funded  a  eon- 
sortium,  led  by  the  University  of  Delaware,  to  develop  very-high-effieiency  solar 
eells.  The  consortium  is  developing  and  demonstrating  50  pereent  effieient  solar 
modules  for  charging  tactical  electronic  devices.  This  effort  eould  have  signifi- 
eant  implieations  for  operations  by  providing  a  solution  for  redueing  the  large  lo¬ 
gisties  burden  of  battery  management. 

Rati  Bishnoi,  “Renewable  Energy  Systems  Wanted  in  Iraq,”  InsideDefense.com  NewsStand, 
August  11,  2006. 

Press  Release,  “Defense  Department  Funds  $53  Million  Solar  Program.  Renewable  Energy 
Access,”  http://www.renewableenergyaccess.com/rea/news/story?id=38812. 

See  Note  42. 


E-25 


Photovoltaic  systems  could  potentially  see  substantially  reduced  costs  in  the  fu¬ 
ture  as  a  result  of  thin-film  technologies.  Thin-film  modules,  which  are  material 
layers  1  pm  thick,  have  reduced  costs  associated  with  energy,  materials,  handling, 
and  capital.  Thin-film  technologies  are  not  yet  sufficiently  developed  to  consider 
implementation  in  the  next  10  years,  but  the  modules  hold  significant  potential  for 
use  in  uniforms,  tents,  and  other  materials. 

Other  solar  options,  such  as  space  solar,  hold  long-term  possibilities,  but  the  tech¬ 
nology  to  beam  the  energy  from  a  remote  solar  space  station  is  many  decades  off. 

Waste-to-Energy  Conversion 

Converting  waste  generated  on  the  battlefield  is  a  new  opportunity  to  provide 
electricity  to  operational  forces.  DARPA  is  working  on  the  Mobile  Integrated 
Sustainable  Energy  Recovery  program  and  teaming  with  the  Natick  Soldier  Cen¬ 
ter’s  waste-to-energy  program  to  develop  a  high-efficiency  conversion  system  for 
use  by  field  kitchens  not  only  to  eliminate  their  waste  stream,  but  to  become  com¬ 
pletely  self-sufficient  in  the  energy  required  to  provide  soldiers  with  three  sanitary 
hot  meals. 

In  its  simplest  form,  waste-to-energy  technology  already  exists.  Many  municipali¬ 
ties  generate  some  of  their  electricity  through  combustion  of  trash.  The  goal  for 
DoD  is  to  use  trash  to  generate  energy  in  a  clean,  efficient  manner.  PyroGenesis 
has  installed  and  operated  its  Plasma  Resource  Recovery  System  in  both  a  Navy 
ship  and  a  Carnival  cruise  ship.^"^ 

A  more  difficult  challenge  for  DARPA  and  DoD  is  to  develop  the  capability  to 
reliably  produce  a  liquid  fuel  (or  alternatively,  a  gaseous  fuel  for  bifuel  genera¬ 
tors)  from  waste.  Most  likely  to  emerge  in  the  very  far  term,  this  fuel  could 
greatly  benefit  DoD  in  contingency  environments.  Changing  World  Technologies 
has  demonstrated  that  turkey  offal,  instead  of  being  land  fill,  could  be  converted 
into  an  oil  product  suitable  for  fuel  applications  using  a  thermal  conversion  proc¬ 
ess.  The  Director,  Defense  Research  and  Engineering,  is  assessing  this  approach 
for  installation  applications. 

Numerous  companies  have  been  reevaluating  traditional  pyrolysis  methods  that 
thermally  crack  waste  biomass,  producing  three  products:  heat,  gaseous  fuel,  and 
liquid  oxygenated  fuel.  The  heat  is  used  to  sustain  the  process,  the  gaseous  fuel  is 
sent  to  a  generator  to  produce  electricity,  and  the  liquid  oxygenated  fuel  can  be 
deoxygenated  and  reformed  using  standard  petroleum  refinery  processes  to  pro¬ 
duce  high-energy-density  liquid  fuel.  The  economic  assessment  of  this  latter  tech¬ 
nology  indicates  that  the  cost  feasibility  is  reasonable  compared  with  other 
alternative  fuel  approaches. 


“Innovative  Plasma  Waste  Treatment  on  Carnival  Cruise  Ship,”  The  Naval  Architect,  May 

2004. 


E-26 


LMI  Technology  Survey 


Fuel  Cells 


Fuel  cell  technology  offers  promise  to  DoD  as  a  method  for  increasing  the  effi¬ 
ciency  of  fuel  use  and  providing  silent  operations.  Fuel  cells  combine  hydrogen 
and  oxygen  (or  some  other  combination  of  fuel  and  oxidant  containing  these  two 
elements)  in  an  electrochemical  reaction,  producing  power  in  the  form  of  electric¬ 
ity  with  water  and  heat  as  byproducts.  Today’s  fuel  cells  commonly  use  hydrogen, 
methanol,  or  butane  as  a  fuel  to  generate  electricity.  Because  fuel  cells  produce 
power  electrochemically,  they  are  not  subject  to  the  efficiency  constraints  of  the 
internal  combustion  process  and  generally  are  more  efficient  (25  to  50  percent) 
than  internal  combustion  engines.  However,  the  cost  of  producing  and  delivering 
the  hydrogen  fuel  must  be  factored  in  for  an  understanding  of  the  true  economics 
of  the  process. 

The  primary  challenge  preventing  near-term  insertion  of  fuel  cell  technology  into 
operations  is  the  need  to  reform  JP-8  fuel  to  generate  the  hydrogen  necessary  to 
run  the  fuel  cell.  Adding  reformers  to  fuel  cells  increases  weight  and  volume, 
adds  an  additional  thermal  signature,  and  decreases  overall  system  efficiency.  A 
key  challenge  is  the  requirement  to  strip  the  sulfur  from  the  gas  stream;  JP-8  is  a 
sulfur-rich  fuel,  and  sulfur  poisons  fuel  cells.  Sulfur  removal  adds  another  level  of 
complexity  to  any  potential  operational  use  of  present  fuel  cells. 

Forklifts  offer  an  excellent  demonstration  opportunity  for  fuel  cell  technologies 
that  could  eventually  apply  to  other  vehicles.  Fuel-cell-powered  forklifts  offer 
higher  productivity  because  they  can  be  refueled  quickly,  as  opposed  to  the 
lengthy  recharging  times  of  very  heavy  lead-acid  batteries  currently  in  use.  An¬ 
other  major  benefit  is  that  the  performance  of  the  forklift  will  not  be  affected  until 
the  battery  runs  out  completely. The  Defense  Logistics  Agency  (DLA)  is  prepar¬ 
ing  a  BAA  for  demonstration  projects  incorporating  fuel  cell  forklift  and  associ¬ 
ated  hydrogen  infrastructure  at  several  of  its  sites. 

Small  fuel-cell-powered  batteries  in  the  20-watt  range  may  be  viable  in  the  me¬ 
dium  term,  reducing  the  burden  of  batteries  on  soldiers.  Use  of  fuel  cells  by  spe¬ 
cial  operations  that  have  access  to  butane  in  parts  of  the  world  in  which  they 
operate  could  save  a  great  deal  of  weight.  Also,  fuel-cell-powered  UAVs  have 
great  potential  for  longer  distance  and  stealth  operations  if  lightweight  fuel  cell 
systems  can  be  developed. 

Fuel  cells  also  have  the  potential  to  improve  the  efficiency  of  shipboard  power 
generation  and  to  reduce  ships’  thermal  signatures  through  distributed  power  gen¬ 
eration.  The  Office  of  Naval  Research  (ONR)  funded  several  demonstration  proj¬ 
ects  of  megawatt-range,  JP-8  reforming  fuel  cells  for  use  as  a  ship  service  fuel 
cell.  Shipboard  fuel  cell  systems  are  intended  to  work  in  conjunction  with  gas  tur¬ 
bine  systems  as  part  of  a  distributed  power  generation  These  included  a  500  kW 


Steve  Medwin,  “Applieation  of  Fuel  Cells  to  Fork  Lift  Trueks,”  Industrial  Vehicle  Maga¬ 
zine,  Oetober  2005. 
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fuel  processor  to  produce  hydrogen  directly  for  use  in  a  low-temperature  polymer 
electrolyte  fuel  cell  (the  most  common  fuel  cell  technology  on  the  commercial 

lf\ 

market)  and  a  625  kW  high-temperature  molten  carbonate  fuel  cell  system. 

ONR  successfully  demonstrated  both  systems  in  2004  and  awarded  a  contract  to 
FuelCell  Energy,  Inc.,  in  2006  for  follow-on  development  work.’^ 

Generators 

Generators  require  an  external  fuel  supply  and  can  produce  power  (generally  AC 
electricity)  continuously  as  long  as  fuel  is  provided.  Generators  are  limited  by  the 
availability  of  fuel,  as  well  as  the  inability  to  reduce  weight  and  size  for  smaller 
applications.  Even  the  smallest  gasoline  and  diesel  generators  are  too  heavy  for 
soldiers  to  carry  in  a  tactical  environment;  they  require  a  vehicle  or  platform  for 
transport  and  fuel  storage. 

Internal  combustion  (IC)  generators  powered  by  gasoline  or  diesel  fuel  are  still 
used  for  larger  applications  that  demand  continuous  power,  including  mobile  gen¬ 
erators,  industrial  use,  and  shipboard  service  power.  Generators  are  also  used  to 
recharge  secondary  batteries,  so  the  two  technologies  are  inherently  linked  for 
battlefield  use.  IC  generator  technology  is  fairly  mature,  particularly  in  the  1- 
5  kW  range  offered  by  commercial  generators  from  Honda  and  Mechron.  How¬ 
ever,  incremental  improvements  can  help  increase  efficiency  (currently  less  than 
20  percent  for  most  commercial  generators)  and  reduce  footprint  and  acoustic 
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signature. 

The  Army’s  Program  Manager  for  Mobile  Electric  Power  (PM-MEP),  which 
oversees  the  development  and  standardization  of  DoD  mobile  generator  technol¬ 
ogy,  developed  the  first  generations  of  military  standard  generators  in  the  0.5- 
750  kW  starting  in  the  late  1960s.  These  legacy  generators  are  still  used  for  the 
majority  of  the  Army’s  power  needs,  and  many  generators  in  the  field  have  been 
in  operation  for  more  than  25  years.  In  the  late  1980s,  PM-MEP  introduced  a  sec¬ 
ond  generation  of  generators,  the  Tactical  Quiet  Generator  Sets,  which  are  single¬ 
fuel  (diesel/JP-8)  compliant  and  feature  lower  acoustic  and  thermal  signatures, 
improved  reliability,  and  lower  operating  costs  over  the  previous  generation. 
These  generator  sets  have  been  in  operation  since  the  early  1990s,  and  cover  the 
0.5-920  kW  range.  However,  these  new  generators  have  only  gradually  replaced 
the  approximately  90,000  first-generation  generators  that  the  Army  procured  in 
the  1960s  through  the  1980s.  PM-MEP  has  also  jointly  developed  auxiliary  power 
units  in  the  5-10  kW  range  for  mobile  shelters  and  armored  vehicles.’^  These 
units  can  be  instrumental  in  improving  operational  fuel  efficiency  by  enabling 


Donald  Hoffman,  Edward  House,  and  Anthony  Nickens,  “U.S.  Navy  Shipboard  Fuel  Cell 
Program”  (ONR  briefing  for  Ameriean  Soeiety  of  Naval  Engineers,  July  2003). 

“Fuel  Cell  Energy  Reeeives  $2.5  Million  Contraet  from  the  Offiee  of  Naval  Researeh,” 
Fuel  Cell  Today,  August  16,  2006. 

See  Note  67. 

“Auxiliary  Power  Units,”  http://www.pm-mep.army.mil/teehniealdata/apu.htm. 
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tanks  and  armored  vehicles  to  avoid  operating  on  their  main  engines  simply  to 
provide  power  for  communications,  crew  comfort,  and  portable  electronics 
equipment.^® 

The  largest  gap  in  generator  technology  is  for  smaller  power  applications  below 
the  1  kW  range,  for  which  IC  generators  cannot  be  easily  scaled  down.  The  small¬ 
est  standard  generator  set  is  the  2  kW  Military  Tactical  Generator,  which  was  de- 

8 1 

veloped  by  the  Canadian  armed  forces  and  adopted  by  the  U.S.  Army  in  1996. 
Despite  its  low  power  rating,  the  generator  still  weighs  approximately  150 
pounds,  making  it  impractical  for  use  by  individual  soldiers  to  recharge  batteries 
or  operate  portable  electronics.  Alternative  technologies,  such  as  fuel  cells,  ster¬ 
ling  engines,  or  micro  turbines  show  promise  in  meeting  power  requirements  in 
this  range  and  bridging  the  gap  between  batteries  and  conventional  generators. 
DARPA  has  also  conducted  a  research  program  on  highly  efficient,  small-scale 
generators  that  run  on  tactical  fuels.  The  Steam  Engine  Electric  Generator  pro¬ 
gram  is  developing  a  2  kW  generator  with  target  efficiencies  of  more  than  1  per¬ 
cent  and  power  densities  of  60  W/kg,  which  would  make  it  considerably  lighter 
and  more  efficient  than  current  designs.  As  noted  above,  use  of  hybrid-electric 
tactical  vehicles,  with  the  ability  to  provide  off-board  power,  may  also  be  useful 
in  supporting  small  power  applications. 


Batteries 


Batteries  store  energy  electrochemically  and  release  it  over  time  in  the  form  of 
DC  voltage,  providing  current  to  electric  devices  until  the  battery  charge  is  ex¬ 
pended.  Batteries  are  limited  by  the  amount  of  energy  that  can  be  stored  for  a 
given  size  and  weight  (the  energy  density)  and  the  amount  of  peak  power  avail¬ 
able  (the  power  density).  They  are  typically  used  for  low-power,  soldier-portable 
applications  and  small  unmanned  vehicles.  Batteries  are  not  inherently  an  energy 
efficiency  technology  or  alternative  energy  technology,  because  they  must  still  be 
charged  by  some  fuel  source,  but  they  are  often  categorized  as  such  because  they 
can  be  used  to  store  electricity  generated  from  other  alternative  fuel  sources  such 
as  wind  turbines  and  solar  cells.  Batteries  are  also  integral  to  hybrid  electric  vehi¬ 
cle  systems,  which  increase  fuel  efficiency  by  using  batteries  to  store  energy  that 
is  recaptured  from  the  braking  process  via  regenerative  braking  systems.  Thus, 
improvements  in  battery  technology  are  important  to  DoD  energy  conservation 
and  alternative  fuel  efforts. 

One  of  the  most  urgent  DoD  needs  is  for  storage  batteries  to  provide  power  for 
propulsion,  communications,  sensors,  and  computers  to  portable  warfighter  appli¬ 
cations  and  unmanned  vehicles.  According  to  a  2004  study  by  the  Army  Science 
and  Technology  Board,  electronic  suites  for  land  warrior  systems  currently  in 


***  “PM-MEP  History,”  http://www.pm-mep.army.mil/orginfo/backgnd.htm. 
“2kW  Military  Tactical  Generator  (MTG),”  http://www.pm-mep.army.mil/ 
technicaldata/2kw.htm. 

“  See  Note  67. 
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development  are  projected  to  require  20  watts  average  and  60  watts  at  peak 
power.  This  suite,  coupled  with  sufficient  batteries  for  a  72-hour  mission,  would 
increase  a  soldier’s  load  by  30  pounds.  In  addition  to  the  weight  requirements 
for  the  individual  soldier  or  system  platform,  the  demand  for  batteries  also  places 
a  large  strain  on  the  DoD  logistics  network  due  to  the  quantity  and  variety  of  bat¬ 
teries  required.  The  lack  of  battery  standardization  among  military  applications 
requires  DLA  to  stock  more  than  4,000  different  power-related  items.  Although 
demand-side  reductions  in  power  consumption  can  help  reduce  power  require¬ 
ments  of  these  systems  over  the  long  term,  better  battery  and  power-generation 
technologies  are  important  to  reduce  the  weight  and  logistical  burden  of  existing 
systems. 

Battery  technologies  are  generally  grouped  into  three  categories: 

♦  Primary  batteries — one-time  use  or  disposable  batteries  that  cannot  be  re¬ 
charged. 

♦  Secondary  batteries — rechargeable  batteries  that  may  be  recharged  multi¬ 
ple  times  by  a  reverse  electrical  current  to  allow  for  reuse. 

♦  Reserve  batteries — ^batteries  designed  for  a  single  use  but  that  require  high 
reliability  and  a  long  shelf  life  for  applications.  These  are  typically  em¬ 
ployed  in  single-use  applications  such  as  missiles,  guided  munitions,  tor¬ 
pedoes,  and  emergency  devices. 

DLA  recently  completed  a  DoD  Power  Sources  Technology  Roadmap  Workshop, 
the  first  step  in  the  creation  of  a  strategic  plan  to  address  military  power  require- 
ments.  One  common  issue  identified  for  all  three  battery  types  is  the  difficulty 
of  maintaining  a  consistent  industrial  base  for  producing  military  batteries  due  to 
the  unpredictability  in  demand  and  the  proliferation  of  battery  specifications  for 
different  applications.  Standardization  of  batteries  for  many  applications  would 
address  this  issue  and  allow  DoD  to  better  influence  the  commercial  market, 
rather  than  remain  a  niche  player.  The  workshop  report  also  outlined  technical 
trends  and  issues  associated  with  each  type  of  battery  technology. 

Primary  Batteries 

Primary  batteries  are  used  extensively  in  current  DoD  operations  because  of  their 
high  power  density  and  high  reliability.  However,  they  must  be  continuously  re¬ 
stocked,  and  soldiers  must  carry  enough  batteries  to  ensure  power  throughout  the 
possible  duration  of  the  mission  (even  if  the  probable  duration  is  much  shorter). 
Due  to  the  environmental  impact  of  battery  materials,  disposable  batteries  may 
also  have  to  be  retained  during  operations  for  proper  disposal.  Legacy  battery  sys¬ 
tems  include  alkaline  (commonly  used  in  the  consumer  sector),  mercury  oxide. 


See  Note  67. 

DoD  Technology  Roadmap  for  Power  Sources:  Part  A,  Workshop  Data,  November  24, 

2006. 
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carbon  zinc,  and  lithium  sulfur.  Current  state-of-practice  technologies  inelude 
lithium  sulfate  (LiSOi)  and  lithium  magnesium  oxide  (LiMn02),  as  well  as  zine 
air.  These  teehnologies  offer  improved  power  densities,  shelf  lives,  and  tempera¬ 
ture  ranges  than  previous  ehemistries,  but  a  2006  DLA  study  eoneluded  that  no 
single  ehemistry  meets  ah  requirements  and  reeommended  eontinued  researeh 
into  improving  primary  battery  performanee.  DLA  also  reeommends  the  devel¬ 
opment  and  employment  of  better  state-of-eharge  sensors  in  primary  batteries,  to 
help  warfighters  avoid  replaeing  batteries  before  their  useful  eharge  is  depleted. 
DLA  estimates  that  30  pereent  of  ah  batteries  are  returned  to  depots  with  80  per- 
eent  eharge  remaining. 

Secondary  Batteries 

Seeondary  batteries  are  available  in  plaee  of  primary  batteries  for  many  appliea- 
tions — from  portable  power  to  submarine  propulsion — but  are  often  limited  by 
lower  energy  and  power  densities  than  primary  batteries  of  equivalent  power  rat¬ 
ings.  DoD  uses  seeondary  batteries  in  plaee  of  primary  batteries  in  many  training 
operations  that  are  short  enough  not  to  require  reeharging.  However,  primary  bat¬ 
teries  are  used  in  eombat  operations  beeause  they  provide  a  longer  eharge  life  and 
are  less  expensive  to  stoek  (although  they  ean  be  reused  if  they  are  not  destroyed 
or  disposed  of  during  the  mission). 

Seeondary  battery  ehemistries  inelude  lead  aeid  (used  in  ear  batteries),  niekel- 
eadmium,  niekel-iron,  niekel-zine,  and  niekel  metal  hydride.  The  most  promising 
seeondary  battery  teehnologies  are  eurrently  in  the  lithium  family,  ineluding 
metal,  air,  oxide,  and  solid  state  ehemistries.  Lithium  oxide  batteries  are  used  in 
most  portable  eleetronie  applieations  sueh  as  eell  phones,  eameras,  and  notebook 
eomputers.  Lithium  baheries  offer  higher  energy  densities  and  lower  self- 
diseharge  than  other  ehemistries,  but  suffer  from  safety  issues  sueh  as  the  risk  of 
hre  and  explosion.  DLA  has  eoneluded  that  like  primary  batteries,  no  seeondary 
battery  ehemistry  meets  ah  eurrent  requirements  and  reeommended  improvements 
in  battery  ehemistry  and  power  management. 

Despite  the  shortfalls  of  seeondary  baheries,  the  Army’s  Program  Exeeutive  Of- 
hee  for  the  Future  Combat  System  antieipates  shifting  from  primary  to  seeondary 
batteries  for  most  operations  in  the  next  5  years  due  to  industrial  base  surge  and 
eost  eonsiderations.  The  most  likely  eontinued  users  of  primary  batteries  will  be 
the  highly  mobile  Marines  and  Speeial  Operations  forees,  who  are  often  unable  to 
eount  on  aeeess  to  eleetriehy  for  reeharging  seeondary  batteries  during  their  mis- 

85 

sions. 


Assertion  made  by  PEO  PCS  during  the  development  of  DoD  Technology  Roadmap  for 
Power  Sources. 
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Reserve  Batteries 


Reserve  batteries  are  generally  elassified  as  either  thermal  batteries,  lithium  ambi¬ 
ent  batteries,  or  silver-based  batteries,  with  lithium  based  (either  thermal  or  ambi¬ 
ent)  being  the  most  eommon.  In  most  oases,  one  element  of  the  battery  (suoh  as 
the  eleotrolyte)  is  kept  separate  from  the  other  oomponents  to  prevent  disoharge 
and  provide  an  extended  shelf-life.  According  to  DLA,  the  military  services  are 
developing  improved  technologies,  but  the  limited  market  for  these  batteries  in 
both  the  military  and  commercial  sectors  has  hampered  innovation. 
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Energy  Technology  Assessment  Workshop 


On  January  24,  2007,  LMI  hosted  an  energy  teehnology  assessment  workshop. 
During  this  session,  subjeet  matter  experts  (SMEs)  in  the  energy  field  assessed  the 
energy  technologies  we  had  identified  based  on  their  potential  applicability  and 
utility  to  DoD  platforms  and  future  operations.  The  intent  of  this  session  was  to 
develop  sufficient  information  to  narrow  the  range  of  alternatives  to  a  set  of  op¬ 
tions  appropriate  for  quantitative  analysis  to  support  a  focused  investment  strat¬ 
egy.  As  part  of  their  contribution,  five  SMEs  attending  the  workshop  ranked  the 
technologies  based  on  whether  DoD  should  pursue  fielding  of  the  technology  as  a 
high,  medium,  or  low  priority  for  investment.  The  results  of  this  exercise,  dis¬ 
played  in  Table  E-l,  indicate  that  demand-reduction  technologies  should  be  given 
priority  over  supply-side  technologies.  Of  the  supply-side  technologies,  solar,  im¬ 
provements  to  batteries,  waste-to-energy  conversion,  and  fuel  cells  were  given  the 
highest  priority. 
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Table  F-1.  LMI  Workshop  Energy  Investment  Rankings 
(From  January  24,  2007,  Energy  Technology  Assessment  Workshop) 


Technology 

Count  I  Priority  Score  (L*1,  M*2,  H*3) 

No 

Response 

Mean 

Score 

High 

Medium 

Low 

Bulk  energy  for  direct  or  indirect  iiquid  fuei  repiacement 

Soiar 

3 

9 

0 

0 

1 

1 

1 

2.5 

Hydrogen 

2 

6 

1 

2 

1 

1 

1 

2.3 

Synthetic  fueis 

2 

6 

1 

2 

2 

2 

0 

2.0 

Bio-based  fueis 

2 

6 

1 

2 

2 

2 

0 

2.0 

Geothermai 

0 

0 

3 

6 

1 

1 

1 

1.8 

Ocean  wave 

1 

3 

1 

2 

3 

3 

0 

1.6 

Nuciear 

1 

3 

0 

0 

3 

3 

1 

1.5 

MEAN  buik  energy  for  direct  or  indirect  iiquid  fuei  repiacement 

1.9 

Locai  energy  suppiy  -  fuei  distribution  avoidance 

Soiar 

3 

9 

2 

4 

0 

0 

0 

2.6 

improved  batteries 

4 

12 

0 

0 

1 

1 

0 

2.6 

Waste-to-energy 

2 

6 

2 

4 

0 

0 

1 

2.5 

Fuei  ceils 

3 

9 

0 

0 

1 

1 

1 

2.5 

Nuclear 

1 

3 

0 

0 

2 

2 

2 

1.7 

In-theater  syn  or  bio  fuei  production 

0 

0 

1 

2 

2 

2 

2 

1.3 

MEAN  iocai  energy  suppiy  -  fuei  distribution  avoidance 

2.2 

Demand  reduction  -  fuei  distribution  avoidance 

Unmanned  vehicies 

5 

15 

0 

0 

0 

0 

0 

3.0 

Lightweight  metais  and  composites 

5 

15 

0 

0 

0 

0 

0 

3.0 

Virtuai  training/simuiators 

5 

15 

0 

0 

0 

0 

0 

3.0 

More  efficient  design:  Aerodynamic  design 

4 

12 

0 

0 

0 

0 

1 

3.0 

Engine  deveiopment 

3 

9 

1 

2 

0 

0 

1 

2.8 

improved  iT/iM 

2 

6 

1 

2 

0 

0 

2 

2.7 

More  efficient  design:  Biended  wing  aircraft 

3 

9 

0 

0 

1 

1 

1 

2.5 

Hybrid  technoiogies 

3 

9 

1 

2 

1 

1 

0 

2.4 

More-eiectric  architecture  (MOE) 

0 

0 

2 

4 

1 

1 

2 

1.7 

MEAN  demand  reduction  -  fuei  distribution  avoidance 

2.7 

I  STDEV  I  0.5  I  MEAN 

2.3 
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Appendix  G 

Energy  Savings  Estimates 
for  Mobility  Operations 


In  this  report,  we  suggest  that  DoD  establish  the  goal  of  adopting,  for  its  mobility 
operations,  the  energy  efficieney  requirements  for  federal  faeilities  outlined  in 
Exeeutive  Order  (EO)  13423  (“Strengthening  Eederal  Environmental,  Energy,  and 
Transportation  Management,”  enaeted  January  24,  2007).  EO  13423  requires  fed¬ 
eral  agencies  to  achieve  a  3  percent  reduction  per  year  through  EY15,  or  a  30  per¬ 
cent  total  reduction  by  the  end  of  EY15,  in  their  federal  facility  energy  usage 
based  on  an  EY03  baseline.  EO  13423  provides  a  useful  marker  by  which  to  ap¬ 
proximate  similar  reductions  in  energy  consumption  in  the  deployed  setting.  This 
appendix  provides  a  rough  estimate  of  the  savings  that  may  result  from  its  imple¬ 
mentation  for  DoD  mobility  operations. 

Data  Sources 


Eor  our  analysis,  we  used  data  on  current  DoD  mobility  energy  usage  from  De¬ 
partment  of  Defense  Annual  Energy  Management  Report,  Fiscal  Year  2006 
(AEM  report).'  This  report  is  available  for  EY99  through  EY06,  and  we  used  its 
data  on  fuel  usage  for  non-fleet/tactical  vehicles  and  other  equipment  to  generate 
figures  for  mobility  fuel  usage.  The  data  in  the  AEM  report,  reported  by  DESC, 
includes  consumption  and  cost  figures  for  six  types  of  energy:  auto  gas,  diesel, 
EPG/propane,  aviation  gas,  jet  fuel,  and  Navy  special.  An  additional  fuel  type, 
“other,”  was  reported  but  was  not  used  in  our  analysis  because  it  is  reported  in 
different  units  (Btus  rather  than  gallons)  and  does  not  constitute  a  significant  pro¬ 
portion  of  total  usage. 

Eor  our  price  projections,  we  used  data  derived  from  EIA’s  Annual  Energy  Out¬ 
look  2007 }  The  EIA  used  historical  world  oil  prices  from  1980  to  2005  to  fore¬ 
cast  the  price  of  oil  through  2030  in  three  scenarios:  reference  case,  high-price 
scenario,  and  low-price  scenario.  Eigure  G-1  displays  the  EIA’s  forecasts  (in 
EY05  dollars  per  barrel).  Because  DoD  uses  a  variety  of  fuels  processed  from  oil, 
the  price  it  pays  generally  is  greater  than  the  crude  oil  prices  cited  by  the  EIA.  To 
factor  in  this  difference,  we  adjusted  the  units  of  EIA  figures  from  barrels  to  gal- 
Ions  to  make  them  comparable  with  the  figures  in  the  AEM  report  and  compared 


'  USD(AT&L),  Department  of  Defense  Annual  Energy  Management  Report,  Fiscal  Year 

2006,  http://www.acq.osd.mil/ie/irm/Energy/energymgmt_report/maiii.htm,  January  2007. 

^  Energy  Information  Agency,  Annual  Energy  Outlook  2007,  DOE/EIA-0383(2007),  February 

2007.  Available  at  http://www.eia.doe.gov/oiaf/aeo/index.html. 

^  A  barrel  (bbl)  is  the  equivalent  to  159  liters,  or  42  gallons,  U.S.  Census  Bureau. 
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the  unit  price  DoD  paid  for  mobility  fuels  from  FY99  to  FY06  with  the  unit  price 
of  world  oil  for  these  years  reported  by  El  A.  We  found  that,  on  average,  the  unit 
price  for  mobility  fuel  was  24  percent  greater  than  that  of  oil.  We  adjusted  the 
EIA  forecasts  to  account  for  this  price  difference. 

Figure  G-1.  Forecast  of  World  Oil  Prices  in  Three  Cases,  1980-2030 


2005  dollars  per  barrel 


Source:  Energy  Information  Agency,  Annual  Energy  Outlook  2007,  DOE/EIA-0383(2007), 
February  2007. 

Constraints  and  Assumptions 


Key  constraints  are  as  follows; 

♦  These  estimates  do  not  consider  any  multiplier  effects,  which  occur  when 
a  technology  reduces  end-user  fuel  consumption  savings  beyond  just  the 
fuel  acquisition  costs  due  to  a  decrease  in  the  demand  placed  on  the  entire 
logistics  tail.  Multiplier  effects  are  not  considered  because  the  magnitude 
of  the  effect  depends  on  the  nature  of  the  changes  implemented.  Multiplier 
effects  may  be  calculated  more  accurately  once  a  set  of  changes  are  se¬ 
lected  for  implementation. 
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♦  The  nature  of  the  data  may  limit  the  preeision  of  our  projeetions.  DoD 
guidanee  for  the  FY06  AEM  report  addresses  the  data  limitations  as  fol¬ 
lows: 

DESC  will  provide  all  input  in  this  area  except  for  LPG/Propane 
used  in  mobile  platforms,  however,  each  Component  should  provide 
the  narrative  input  required  to  articulate  consumption,  trends,  etc. 

DESC  mobility  fuels  data  will  be  based  on  issues  of  fuels  to  Ser¬ 
vice/Defense  Agencies.  Once  fuel  enters  a  mobile  platform  it  will  be 
assumed  to  be  consumed.  Costs  of  fuel  consumed  will  be  based  on 
actual  price  paid  for  fuel  by  DESC.  Fuel  costs  will  not  be  based  on 
DESC  standard  price.  It  is  not  necessary  to  provide  AFV  input  in  this 
section.  AFV  reporting  is  covered  through  a  separate  report. 

♦  Data  in  the  AEM  report  are  reported  in  fiseal  years,  while  EIA  data  are  re¬ 
ported  in  calendar  years.  This  misalignment  may  slightly  affect  the  accu¬ 
racy  of  our  estimates. 

Key  assumptions  are  as  follows: 

♦  The  AEM  report  and  EIA’s  Annual  Energy  Outlook  2007  are  the  most  ac¬ 
curate  sources  of  information  on  mobility  fuel  usage  and  future  energy 
prices  readily  available  to  us. 

♦  Baseline  mobility  fuel  consumption  will  remain  constant  at  the  mean  of 
EY99-EY06  consumption  levels. 

♦  Energy-efficiency  requirements  for  federal  facilities  outlined  in  the  Execu¬ 
tive  Order  13423  can  be  applied  to  mobility  operations. 

♦  Eollowing  successful  implementation  of  the  EO’s  energy  efficiency  re¬ 
quirements,  mobility  energy  consumption  will  remain  at  EY15  levels  in 
subsequent  years. 

Summary  of  Historical  Data 


Eigure  G-2  displays  the  annual  data  for  both  DoD  mobility  fuel  consumption  and 
cost  reported  in  the  AEM  report  for  EY99-EY06.  The  data  indicate  that  the  cost 
of  mobility  fuels  has  grown  steeply  since  EY03,  while  consumption  has  shown 
only  a  small  deviation  from  the  mean  (denoted  by  the  green  line).  This  indicates 
that  the  unit  cost  of  DoD  mobility  fuels  has  risen  in  recent  years. 
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Figure  G-2.  Annual  Consumption  and  Cost,  DoD  Mobility  Fuel 


□  Consumption 
(thou,  gal.) 

■  Annual  Cost 
($  thou) 


Year 


Source:  DoD  Annual  Energy  Management  Report,  FY  1999-2006. 

Estimated  Consumption  and  Cost  Savings 


Using  the  mean  FY99-FY06  eonsumption  levels  as  the  baseline,  we  estimated 
future  energy  eonsumption  and  eost  seenarios  for  mobility  fuel.  We  projeeted  a 
3  percent  reduction  in  energy  consumption  per  year  through  the  end  of  FY15.  For 
the  years  beyond  FY15,  we  assumed  that  consumption  levels  would  remain  at 
FY15  levels.  DoD  mobility  fuel  consumption  under  this  scenario  is  displayed  in 
Figure  G-3. 

Figure  G-3.  Mobility  Fuel  Consumption  if  Executive  Order  13423  Adopted 


- Consumption 


By  applying  this  consumption  pattern  to  the  price  estimates  derived  from  the  EIA 
data,  we  projected  the  cost  savings  to  DoD  from  implementing  EO  13423  for  mo¬ 
bility  operations  under  the  three  scenarios  (reference  case,  high  price,  and  low 
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price).  Figure  G-4  displays  the  forecasted  annual  savings  to  DoD,  and  Figure  G-5 
displays  the  eumulative  savings  through  2030.  Estimated  cumulative  savings 
through  2030  range  from  $26  billion  to  $73  billion,  with  the  referenee  case  sav¬ 
ings  estimated  at  $43  billion. 

Figure  G-4.  Annual  Cost  Savings  (2006-2030)  in  FY05  Dollars 


Fteference  Case - High  Rice  Low  Rice 


Figure  G-5.  Cumulative  Cost  Savings  (2006-2030)  in  FY05  Dollars 


- Reference  Case - Hgh  Rice  Low  Rice 


CONCLUSiON 


Implementation  of  EO  13423  for  mobility  operations  has  the  potential  for  signifi- 
eant  eost  savings.  Although  in  the  tens  of  billions  of  dollars,  these  estimates  trend 
low  beeause  they  do  not  aeeount  for  the  multiplier  effect  of  technologies  imple¬ 
mented  and  processes  reconfigured.  While  investment  would  be  required  to 
achieve  some  of  these  savings — those  not  due  to  organizational,  proeess,  or  op¬ 
erational  ehanges — this  investment  would  be  eompensated  for  by  the  multiplier 
effect.  Once  DoD  identifies  specifie  new  operational  eoneepts  and  eapabilities  for 
consideration,  it  will  be  possible  to  estimate  multiplier  effects  and  develop  a  more 
accurate  estimate  of  the  cost  savings. 
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Appendix  H 

Abbreviations 


ACSIM 

Assistant  Chief  of  Staff  for  Installation  Management 

AFEPPM 

Air  Eorce  Energy  Program  Proeedural  Memorandum 

AT&L 

Aequisition,  Teehnology  and  Logistics 

ATM 

air  traffic  management 

BAA 

broad  agency  announcement 

BWB 

blended-wing  body 

COA 

course  of  action 

DARPA 

Defense  Advanced  Research  Projects  Agency 

DASD 

Deputy  Assistant  Secretary  of  Defense 

DEPC 

DoD  Energy  Policy  Council 

DESC 

Defense  Energy  Support  Center 

DEA 

Defense  Logistics  Agency 

DoD 

Department  of  Defense 

DOE 

Department  of  Energy 

DOT 

Department  of  Transportation 

DOTMEPE 

Doctrine,  Organization,  Training,  Materiel,  Leadership  and 
Education,  Personnel  and  Eacilities 

DUSD 

Deputy  Under  Secretary  of  Defense 

ECIP 

Energy  Conservation  Investment  Program 

EIA 

Energy  Information  Agency 

EPA 

Environmental  Protection  Agency 

ESPC 

Energy  Saving  Performance  Contract 

EAA 

Eederal  Aviation  Administration 

ET 

Eischer-Tropsch 

I&E 

Installations  and  Environment 

IC 

internal  combustion 

lEA 

International  Energy  Agency 

IM 

information  management 

IPT 

Integrated  Project  Team 
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IT 

information  technology 

JASON 

JASON  Defense  Advisory  Group 

JCIDS 

Joint  Capability  Integration  and  Development  System 

JROC 

Joint  Requirements  Oversight  Council 

KPP 

key  performance  parameter 

MEA 

more-electric  architecture 

MEP 

Mobile  Electric  Power 

MSED 

Multi-Service  Eorce  Deployment 

NDS 

National  Defense  Strategy 

NMS 

National  Military  Strategy 

NRAC 

Naval  Research  Advisory  Committee 

NREE 

National  Renewable  Energy  Eaboratory 

ONR 

Office  of  Naval  Research 

OSD 

Office  of  the  Secretary  of  Defense 

OTEC 

ocean  thermal  energy  conversion 

OWEC 

Ocean  Wave  Energy  Company 

PA&E 

Office  of  Program  Analysis  and  Evaluation 

PBMR 

Pebble  Bed  Modular  Reactor 

PM 

program  manager 

POC 

point  of  contact 

POM 

Program  Objective  Memorandum 

PPBE 

planning,  programming,  budgeting,  and  execution 

QDR 

Quadrennial  Defense  Review 

R&D 

research  and  development 

REI 

request  for  information 

S&T 

science  and  technology 

SME 

subject  matter  expert 

SoC 

System  on  Chip 

SOCOM 

Special  Operations  Command 

UAV 

unmanned  aerial  vehicle 

UESC 

Utility  Energy  Service  Contract 

USD 

Under  Secretary  of  Defense 
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